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Abstract 
This thesis examines Beach's hypothesis that the sexual behaviour of male 
rats is under multisensory control and is resistant to the loss of tactile 
information from the vibrissae. The loss of perioral sensation was found to 
profoundly disrupt sexual behaviour in sexually inexperienced males tested 
with females showing five ascending levels of precopulatory behaviour. 
Males did not copulate with females displaying presenting, presenting and 
hopping, hopping and darting levels of proceptive behaviour. However, 
males paired with darting females displaying the highest level level of 
proceptive behaviour did copulate in the presence of perioral anapsis caused 
by intramystacial injection of lidocaine. Injection of lidocaine 
intraperitoneally and intramasseterically showed that this effect was not due 
to systemic toxicity. Prior sexual experience was found to attenuate the effect 
of perioral anapsis and males given three prior copulatory trials copulated 
with presenting females in the presence of perioral perioral anapsis. Males 
given one prior copulatory trial also copulated with presenting females in 
the presence of perioral anapsis. These results complement recent research 
which has called for a revision of the multisensory hyopothesis and indicate 
that trigeminally mediated tactile information from the vibrissae plays an 
important role in the initiation of sexual behaviour in the naive male rat. 
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Chapter 1 : Introduction 
1.1 Introduction 
This thesis sets out to examine the role of sensory factors in the 
initiation and maintenance of the sexual behaviour of male Norway rats. 
Specifically, it will address the functio~ of the infraorbital branch of the 
trigeminal nerve which carries sensory information from the whiskers or 
vibrissae located on the animal's snout. 
1.1.1 The trigeminal system 
The trigeminal system is large and complex, containing afferent and 
efferent pathways from the spinal cord and facial a_rea which carry and 
convey information on nociceptive and motor factors as well as controlling 
mastication, vocalisation and facial movement. With few exceptions, all 
mammalian species have vibrissae, varying from large hairs distributed 
widely over the face in monkeys to heavily innervated structures almost 
entirely in the mystacial region in rats and mice. It is interesting to note that 
the whale in which hair development has regressed the vibrissae are still 
present (Darian-Smith, 1973). Vibrissae are largest in· marine mammals; 
cetacea and all3 classes of pinnipeds have very large tactile hairs. It has been 
suggested that their function might be to detect distant airborne or water-
borne vibrations (Dykes 1975). Vibrissa! hairs are present in a very wide 
range of animals e.g. marsupials, wolf, hedgehog, hairy armadillo, bats, 
marmoset, lemur, seal, whale, rat, dormouse, cat, squirrel, porcupine, rabbit 
and tapir. This by no means exhaustive list serves to illustrate that vibrissae 
are found in an extremely wide range of subprimate mammals. These 
sensory hairs are uncommon in primates. 
Studies of the mystacial vibrissae have been carried out using many 
diverse animals e.g. cat (e.g. Darian-Srnith and Yokota, 1966), opossum (e.g. 
Pubols, Donovick and Pubols, 1973) mouse and rat (e.g. Fukushima and Kerr, 
1979; Killackey and Belford, 1979; Zucker and Welker, 1969). However, the 
specific function and representation of vibrissae at sub-cortical and cortical 
levels may vary from species to species as a function of phylogenetic needs 
(Welker, 1976). Not only are there differences in representation between 
species but some animals also display marked individual differences in 
cortical representation of trigeminal function. The animal with the largest 
trigeminal system is the elephant. The sheer size of this structure, which is 
most probably entirely dedicated to the trunk, does perhaps warrant the 
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assertion that this animal is sublime in its trigeminal structure (Darian-
Smith, 1973). 
A feature common to the organisation of mammalian primary 
somatosensory maps is that the representations of body surfaces that are 
thought to be functionally most significant for survival of the species have 
the greatest cortical representations. The magnification of representations of 
particular body surface was originally recognised in surface recording studies 
(Adrian, 1941, 1943; Woolsey, 1958) and has been found consistently in recent 
studies that use multi-unit recording techniques. For example, rats have an 
enlarged representation of the mystacial vibrissae (Welker, 1971, 1976), 
racoons have an amplified representation of the forepaw (Welker and 
Seidenstein, 1959), sheep, goats and llamas accent the_representation of the 
lips (Adrian, 1943; Johnson, Rubel and Hatton, 1974; Welker, Adrian, 
Lifschitz, Kaulen, Caviedes and Gutman, 1976), opossums, tree shrews, 
ponies and pigs emphasise the representation of the glabrous nose (Adrian, 
1943; Pubols, Pubols, DiPette and Sheely, 1976; Sur, Weller and Kaas, 1980), 
and primates have large representations of the face and forepaw (Carlson 
and Welt, 1980; Felleman, Nelson, Sur and Kaas, 1983; Fitzpatrick, Carlson 
and Charlton, 1982; Krishnamurti, Sanides and Welker, 1976; Merzenich, 
Kaas, Sur and Lin, 1978; Nelson, Sur, Felleman and Kaas, 1980; Sur, Nelson 
and Kaas, 1980). Conversely, those body surfaces that are interpreted to be 
least significant for survival are found to have smaller, split, or 
discontinuous representations. 
The details of primary somatosensory maps, like multiple 
representations and particular orientations of body parts within maps, are 
variable in the sense that they are specific for a given species e.g. monkeys, 
area 1 (Felleman et al., 1983; Merzenich et al., 1978; Nelson et al., 1980; Paul, 
Merzenich and Goodman, 1972; Sur, Nelson and Kaas, 1982); grey squirrel, 
dual forepaw representation (Sur, Nelson and Kaas, 1978); opossum, dual 
rhinarium, and vibrissae (Pubols et al. 1976); rabbit, dual representation of 
ear pinna (Gould, 1986), and are plastic in the sense that they respond to 
changes in the condition of the peripheral nervous system (Franck, 1980; 
Kaas, Mezernich and Killackey, 1983; Kalaska and Pomeranz, 1979; Kelahan 
and Koetsch, 1981; Killackey, Belford, Ryugo and Ryugo, 1976; Merzenich, 
Kaas, Wall, Nelson, Sur and Felleman, 1983a, 1983b; Rasmusson, 1982; 
Schoppmann, Nelson, Stryder, Cynader, Zook and Merzenich, 1981; Van der 
Loos and Woolsey, 1973; Waite and Taylor, 1978; Wall and Cusick, 1984). 
In sum, the common features of primary somatosensory maps are 
those that are extremely general i.e. the composite nature of the map, the 
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cortical magnification and faithful representation of topography of 
functionally important body surfaces, the split representations of less 
significant body surfaces, and the medial to lateral sequence of the 
representations of major body regions. Thus, mechanisms are apparently 
available in all mammals to magnify representation of certain body surfaces 
at the expense of others. 
It is perhaps hardly surprising that researchers have been so interested 
by the trigeminal system in rat because of its unique structure which starts 
from the vibrissa itself and proceeds via the trigeminal ganglion to the 
central nervous system where the trigeminal pathway consists of at least 
three sequential relay stations: the medullary trigeminal complex, the 
ventrobasal complex of the thalamus, and the ~omatosensory cortex. 
Developments in neuroanatomical and histological techniques over 
the years have enabled the mapping of this system which clearly shows the 
soma topic -representation of the vibrissae. It has been known for quite some 
time that the regular and stereotyped array of vibrissae is replicated 
cytoarchitectonically in layer IV of somatosensory cortex (Woolsey and Van 
der Loos, 1970) as well as the ventrobasal complex of the thalamus (Van der 
Loos, 1976) in such a manner that the overall cytoarchitecture is 
homeomorphic (or isomorphic) to the arrangement of vibrissae on the face 
(for fuller descriptions of rows, sides etc. see Woolsey, 1978; Woolsey, 
Durham, Harris, Simons and Valentino, 1981). In the cortex, for instance, 
this manifestation of the whiskers is composed of individual 
cytoarchitectonic subunits known as barrels. In the thalamus each 
cytoarchitectonic subunit is called a barreloid (Van der Loos, 1976). Although 
the evidence for the thalamus is not quite as clear as that for cortical barrels, 
a one-to-one relationship between barreloids and vibrissae can be inferred 
(Verley and Onnen, 1981; Woolsey, Anderson, Wann and Stanfield, 1979). 
When this particular work was begun, it was hoped that, by describing 
the structure and pathways of trigeminal information from periphery to 
cortex, an overall view of how trigeminal information might subserve 
behaviour could be obtained. While it was recognised that the identification 
and delineation of nerve fibres per se would not provide an insight into 
behaviour, it was hoped that by reviewing the analyses used by workers in 
this area it might be possible to draw some conclusions about the role of 
vibrissae in various behaviours. 
Unfortunately this did not prove to be the case. This system with its 
various afferent and efferent connections has been examined by researchers 
each concerned with particular questions about peripheral and central 
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organisation and information transmission e.g. pain (e.g. Anderson ami 
Pearl, 1974), neonatal development (e.g. Durham and Woolsey, 1984), 
conditioning (e.g. Heinricher, Rosenfeld and Dowman, 1981) and anatomy 
(e.g. Torvik, 1956). Each researcher has brought their own particular 
hypothetical constructs and theoretical frameworks to bear on their 
particular analysis of the trigeminal system. While this viewpoint is 
understandable, there is, however, a paucity of behavioural analysis of 
vibrissa! information as transmitted by trigeminal nerve. It should be noted 
that the term behavioural analysis as used here, refers not to simple motor 
responses but to that analysis traditionally carried out by behavioural 
scientists within a psychological framework. 
Additionally, ~ere does n()t appear to be any broad view that can be 
taken of the behavioural role of vibrissa! information. As might perhaps 
have been expected when the course of trigeminal fibres moves from first 
and second order connections to those of the trigeminal nuclear complex, 
the particular paths and functions become an area for investigation both by 
neuroanatomists and those concerned with cortical functioning. When 
trigeminal afferents pass to thalamic areas the picture becomes even less 
clear with studies citing previous work that has been repeated with minor 
embellishments. In the final move to cortex we are left with a descripti:ve 
cellular and electrophysiological framework with little insight as to how this 
might tie in with behaviour. 
The mystacial vibrissae of the rat are prominently mounted on the 
upper lip. These hairs are laid out stereotypically in rows along the lateral 
surface of the face. The vibrissae and surrounding normal facial hair have 
receptors capable of coding information for transmission to cortical areas 
(Melaragno and Montagna, 1953; Nord, 1967; Patrizi and Munger, 1966; 
Vincent, 1913; Zucker and Welker, 1969). The mystacial vibrissae, which 
collectively form an exquisite organ of touch, are arranged in a punctate 
fashion on the face of the rat, as are their correlates within the central 
nervous system. This is in important contrast to the visual system, where 
the retina and its central projections are, for all practical purposes, 
continuous rather than punctate surfaces, making it difficult to draw point to 
point correlations between the two surfaces. The point to point 
representation of vibrissae from periphery to cortex shows the importance of 
this sensory system within rat. 
The above extremely brief description of the trigeminal system in rat 
and other animals, serves to outline the importance of somesthetic systems 
which serve all areas of the non-mammalian and mammalian body. These 
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somatosensory systems not only serve cutaneous sensation from the skin 
and hair but also act as mechanisms for pain transmission. Certainly, the 
sense of touch is one of the five senses and is as deserving in the active 
examination of its role in many varying behaviours as are the others. As is 
the case with many areas of research, it is only possible to examine a small 
part of the large body of work concerned with tactile information; and within 
that to examine only one aspect of that part. The current work will examine 
the possible behavioural role of only one part of the somatosensory system, 
namely input provided by the trigeminal nerve. Specifically, it is concerned 
with the mystacial vibrissae of the albino rat and their function (as 
represented by underlying mechanisms of the trigemi,nal nerve which are 
present from periphery to cortex). The study is further refined in that it 
wishes to address the role of the vibrissae in behaviour of the rat. The wide 
behavioural repertoire of the rat has allowed it to become a primary source 
of data on many aspects of central and peripheral control. Within this vast 
arena of various work the penultimate definition of this study is that it will 
concentrate on sexual behaviour. Within this particular field which 
encompasses hormonal, cortical, social and sensory aspects of copulation this 
study will concern itself with one of the senses. Specifically, it will examine 
the role of the vibrissae in the sexual behaviour of male and female rats. 
1.1.2 Sexual behaviour in male rats 
Current theories suggest that there are two partially independent 
neurophysiological mechanisms in male rat sexual behaviour, an arousal 
mechanism (dependent on sensory stimuli) which mediates the increase of 
sexual excitement leading to copulation, and a copulatory-ejaculatory 
mechanism (dependent on hormonal levels) which mediates the sexual act 
culminating in ejaculation (Brown, Freeman and McFarland, 1974). 
A large body of knowledge on the multisensory regulation of 
behaviour in rats is based on work carried out by Frank Beach who 
investigated male reproductive behaviour and maternal retrieving (Beach, 
1942a; Beach and Jaynes, 1956). This work was based on the ideas of Karl 
Lashley (1938) who made a powerful distinction between the then prevalent 
theories of reflexive behaviour based on an ethological perspective and what 
he called an "instinctive" response. Lashley argued that the nature of the 
reflex was such that behaviour was "elicited by a localized group of sensory 
endings. Locus intensity and modality of the stimulus are its determining 
properties." (p. 381). 
Lashley's argument against a strict stimulus driven interpretation of 
behaviour was based on work by Beach himself in his doctoral thesis and the 
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work of others (e.g. Brooks, 1937; Stone, 1922, 1923). This work had 
manipulated the sensory inputs available to males prior to copulation and to 
postpartum females prior to observing their ability to retrieve young. 
Lashley noted that the removal of senses did not prevent the occurrence of 
appropriate behaviour patterns in male and female rats. These findings 
(among others) led Lashley to the conclusion that by comparison--to what he 
defined as reflexive behaviour "sexual and maternal behaviour seems 
chiefly determined by the pattern of organization of the stimulus, with locus 
of incidence upon the surface of the sensory modality secondary" (Lashley, 
1938, p. 457). Lashley's argument was that, while a reflex occurred in response 
to a specific stimulus, an instinct occurred in response to a pattern. Thus, 
animals responded to relational rather than absolute, characteristics of the 
stimuli that came before them. 
Beach (Beach, 1942a, Beach and Jaynes, 1956) examined copulation and 
retrieving -in inexperienced and experienced male and female rats. In both 
these studies Beach varied the characteristics of the incentive stimulus. In 
male copulation Beach presented various types of stimuli i.e. receptive and 
nonreceptive females, rabbit, guinea pig and in his study of maternal 
retrieving he varied the characteristics and type of object to be retrieved i.e. 
spraying pups with various substances, dead pups and pieces of beef heart. In 
both these studies Beach also varied the amount of information available to 
experimental animals by removing either single or multiple sensory systems 
i.e. smell, vision, touch. In both cases Beach found that the optimal 
incentive stimulus was one with the characteristics normally associated with 
the behaviour under examination i.e. a receptive female for ~ale copulation 
and a live normal pup for nursing females. Beach found that removal of a 
single sense did not affect the expression of these behaviours but that 
removal of two or more reduced the expression of the appropriate 
behaviour. Removal of all three senses did not prevent expression of 
maternal retrieving but did prevent copulation in male rats. In both 
experiments, previous experience was found to ameliorate disruption of 
behaviour. 
This work examined the role of vision, smell and tactile information 
(from the whiskers of the rat) on mating in males and pup retrieval in 
females and sought to address the behavioural and theoretical components 
of these fundamental aspects of reproduction. Namely copulation leading to 
impregnation and the nurturance of the resulting young. The results of 
these studies which involved single and multiple removal of sensory input 
concluded that these behaviours are under multisensory control. It was 
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argued that no one sensory stimulus is essential to the manifestation of 
copulatory behaviour in copulating males or of retrieval in postpartum 
females. The loss or reduction of information from one sensory modality 
could be compensated by input from another modality. Although all of the 
cues from these sensory inputs are used in normal animals the summation 
of these multisensory inputs is necessary to elicit the appropriate-behaviour. 
This theoretical perspective which argues that all available stimuli are 
summated in the neocortex is known as the "multisensory hypothesis" 
(Beach, 1942a; Beach and Jaynes, 1956). 
Curiously, the study by Beach (1942a) remains the only systematic 
attempt to investigate the relative importance of different sensory cues on 
the sexual behaviour of male rats. In this study Beach deprived male rats of 
various senses including vision, olfaction and tactile sensation in the snout 
and lips. Beach concluded that no one individual sense was necessary for the 
manifestation of copulatory behaviour in sexually experienced and 
inexperienced male rats. When the study was carried out, sophisticated 
knowledge of the variables involved in the sexual behaviour of male and 
female rats was unavailable. The concept prevalent at the time was that the 
female was merely the passive recipient of sexual acts by the male (Doty, 
1974). The importance of the behavioural state of the female in the arousal of 
sexually inexperienced and experienced male rats has been demonstrated by 
Madlafousek and Hlinak (1972) who have also constructed a taxonomy of 
female sexual behaviour (Madlafousek and Hlinak, 1977). 
Subsequent investigators, using more sophisticated methods than 
those of Beach (1942a) have found that olfaction has a powerful influence on 
the sexual activity of males (Heimer and Larsson, 1967; Bermant and Taylor, 
1969) and that induction of anosmia may have effects other than removing 
the sense of smell (Cain, 1974). Conversely, the loss of vision has only a 
small effect on male copulation (Hard and Larsson, 1968b). In addition the 
validity of Beach's multisensory hypothesis has been challenged in recent 
years by a series of experiments which utilised the local anaesthetic lidocaine 
to block conduction along the infraorbital nerve which enervates the 
mystacial pad (Kenyan, Cronin and Malinek, 1981; Kenyan, Cronin and 
Keeble, 1980). Testing animals immediately following surgical lesions has 
also shown the importance of tactile cues upon the acquisition and 
maintenance of maternal behaviour (Kenyan, Cronin and Keeble, 1983; 
Kenyan, Keeble and Cronin, 1982). 
This work seeks to evaluate the multisensory hypothesis in terms of 
empirical and theoretical work. It will concentrate in particular on the 
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multisensory regulation of copulatory behaviour in male Norway rats. 
Specifically, it will address the role of sensory information from the whiskers 
or vibrissae of the male rat on the initiation and maintenance of copulatory 
behaviour. Information from the vibrissae is mediated via the trigeminal 
nerve and experiments designed to investigate the effect of the presence or 
absence of trigeminally mediated vibrissa! information on the copulatory 
behaviour of sexually inexperienced and experienced male rats will be 
presented. These experiments differ from the original experimental work 
not only methodologically but also in the underlying concept of 
.·1 • 
reproduction in rats. The original work (Beach, 1942a) viewed the female as a 
passive stimulus object with which the male did or did not copulate 
depending o!l the level of sensory input and the base state of the female (i.e. 
receptive). This work views the copulatory act in terms of a "sexual dyad" 
(Madlafousek and Hlinak, 1983) which carries with it the assumption that 
the female is not a passive recipient of male copulatory behaviour. The 
behavioural state of the receptive female is manipulated and used as a 
variable in the examination of the role of trigeminally mediated vibrissa! 
information. 
1.2 An overview of Beach 1942 
A literature search of Beach's work on multisensory regulation 
showed that in the years 1990 to 1995 twenty five published papers directly 
referenced his original work (1942a) and twenty eight papers cited the work 
carried out later in his amplification of the multisensory hypothesis to 
maternal retrieving (Beach and Jaynes, 1956). The spread of citations noted is 
about four or five per year over that period. Beach used the data from his 
work in 1942 (Beach, 1942a) as a basis for constructing the dual process theory 
of sexual behaviour which will be discussed later in this work (Beach, 1956). 
This search yielded forty five papers citing this work with thirteen of them 
occurring during the year 1995. Because of the importance of the 
multisensory hypothesis which is still currently accepted it is necessary to 
examine both the experimental basis of Beach's work and the conclusions 
drawn by him on the results of this work. 
The experiments carried out by Beach (1942a) are almost bewildering 
in their complexity of presentation and annotation and some work is needed 
in order to identify the main components of the study in terms of procedural 
measures and outcomes. It is worth remembering that when Beach carried 
out this series of experiments historical antecedents in experimental terms 
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were unavailable to him and the methodological procedures used by him 
and others e.g. Stone, 1922, can appear somewhat crude by the standards used 
in recent times by researchers with a wealth of experimental data to draw 
upon. 
Before beginning an analysis of Beach's experiments, it is worthwhile 
to examine the reasons behind this work. Beach had worked with Lashley 
who had supervised some of Beach's earlier work and also used it as a basis 
for his own theoretical appraisal (Lashley, 1938). Lashley was trying in 1938 to 
differentiate between a reflex and what he called instinct and his hypothesis 
has a direct bearing on this experiment. Lashley wrote "Our conception of 
the nature of reflex is derived largely from avoiding reactions ........ Locus, 
intensity and modality of the stimulus are its determining properties. In 
contrast to this sexual and maternal behaviour seem chiefly determined by 
the pattern or organization of the stimulus, with locus of incidence upon the 
sensory surface or sense modality secondary. In this respect the instincts 
present the organismal problem as the reflexes do not. This difference in the 
nature of the adequate stimulus justifies, I believe, the retention of the term 
instinct to stress the importance of the problem of sensory organization." 
(Lashley, 1938; p. 457). An idea that is still exciting even after all these years 
but one which demands now, as then, experimental proof. 
Beach reviewed the work of Stone (1922; 1923), (as did Lashley, 1938) 
who had removed vision, olfaction, and tactile sensation from the snout and 
ventral area in sexually inexperienced and experienced male rats raised 
together and in isolation. Stone (1922) had examined multiple sensory loss 
by causing male rats to be: blind and anosmic; anosmic and clipping of 
vibrissae; blind, anosmic and clipped vibrissae and finally blind, anosmic, 
clipped and deafened. Stone (1923) had also removed cutaneous sensation 
from the ventral area of inexperienced males. In his experiments Stone had 
found that single or multiple removal of the senses did not affect the 
expression of copulation in sexually experienced and inexperienced males 
paired with receptive females. Beach also noted that Stone had observed 
attempts at copulation by males with a "darting" guinea pig and a female rat 
who had been rendered hypersensitive to touch. Stone's interpretation was 
that these movements closely resembled those of a receptive female and that 
it was this similarity which elicited the males response. 
Beach's interpretation of these observations was that they rested 
"upon the theory that the movements of the receptive female normally 
elicit the male's mating reactions." But that "Acceptance of such an 
interpretation must await, (1) an explanation of how the "receptors of deep 
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sensibility" could mediate the male's sensation of the females movements, 
and (2) proof that the initial mating reactions are elicited solely by the 
receptive animal or an incentive animal whose movements resemble those 
of the incentive female." (p. 165). Beach further suggested that an alternative 
explanation of Stone's findings might be "that the initial mating behaviour 
of the virgin male is not aroused exclusively by the receptive female, but 
may be elicited by a relatively wide range of stimulus objects." (p. 165). 
In these latter statements we can see that Beach was working from 
Lashley's interpretation of Stone's work (among others). Indeed Lashley 
offers an analysis of Stone's work in relation to sexual behaviour directed 
towards a hypersensitive female or a guinea pig within his own discussion 
of motor action patterns based onperceptual organisation, "Stone could only 
define the stimulus to sexual excitement in the male rat only as an object 
within certain limits of size, exhibiting a definite jerking movement." 
(Lashley, 1938; p. 455). Thus, we can see very clearly the direction of Beach's 
experiment in that he was trying to address the distinction of reflex and 
instinct as defined by Lashley earlier. 
Beach made some very firm statements about his intentions. Firstly 
that "No description of an instinctive response is complete without a · 
knowledge of the sensory stimuli leading to the motor reactions." (Beach, 
1942a, p. 163). Secondly, he presented in some detail a quote by Lashley "In 
any complex situation the true basis of reaction can be discovered only by 
systematic variation of all parts and properties of the supposed stimulus." 
(Lashley, 1938, p 455). Beach added "In addition to varying the "parts and 
properties" of the stimulus, the experimenter may progressively and 
selectively reduce the sensory capacities of the reacting organism." (Beach, 
1942a, p 163). Beach made it very clear that by manipulating aspects of the 
stimulus as well as the availability of sensory systems to the experimental 
animal he was directly addressing the idea put forward by Lashley that sexual 
behaviour is the result of a pattern of sensory inputs. 
The main points to consider in Beach's experiment are his two main 
questions "(1) Are the initial copulatory reactions of the adult virgin male rat 
elicited exclusively by the receptive female of his own species? (2) What 
sensory quality or combination of qualities constitutes a stimulus adequate to 
arouse the mating reactions of the inexperienced male?" (Beach, 1942a, p. 
164). In order to investigate both these questions, Beach manipulated: (a) the 
incentive stimuli in tests of copulatory tests with male rats; (b) the 
availability of sensory systems to male rats; (c) the sexual experience of male 
rats. 
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The presentation of the data both in text and tables will enable an 
analysis which will argue that the experimental data used by Beach to 
support his analysis of the copulatory parameters of sexually inexperienced 
and experienced male rats deprived of various sensory inputs is incorrect. 
Specifically it will be argued that the final number of subjects in some 
conditions is lower than that presented by Beach. In addition, an analysis of 
the removal of various sensory inputs in the light of later work by other 
researchers will be presented. This work will additionally demonstrate that 
the experimental manipulations carried out by Beach did not adequately 
address the removal of various sensory systems. 
1.3 Experimental design 
In order to examine the copulatory behaviour of male rats; Beach 
conducted two distinct experiments. In the first experiment, the behaviour of 
12 normal sexually inexperienced male rats was compared to that of 23 
sexually inexperienced males subjected to single and multiple loss of sensory 
systems. All these males were raised in isolation from the age of 21 days to 
time of testing. Normal males were tested at age 120 to 130 days. Of the 23 
experimental animals 5 each were made blind, anosmic and anaptic; 2 males 
were made blind and anosmic; 2 males were made blind and anaptic; 2 males 
were made anosmic and anaptic; 2 males were rendered anosmic, blind and 
anaptic. Procedures were carried out between 80 to 100 days of age with a 10 
day rest period between multiple operations. All males were tested with 
different stimulus animals during a weekly testing sequence which began at 
125 to 135 days. 
The second experiment used 14 sexually experienced males raised 
together. The males acted as their own controls and were observed in 
copulatory trials prior to removal of sensory information. Neither the age at 
testing nor the period between operations and final operation at testing were 
given. 5 males were made blind; 5 were made anosmic; 4 were rendered 
anaptic; 6 males were made blind and anosmic; 2 were blind and anaptic and 
one male was tested, made blind, tested, made anaptic, tested and finally 
made anosmic. Both groups were paired with various stimulus animals at 
different parts of the testing sequence although no copulatory parameters 
were reported for tests prior to testing. 
11 
1.4 Sex tests 
When a male was placed with an incentive animal, Beach allowed a 
ten minute adaptation time before the introduction of the incentive animal. 
When the incentive animal was a receptive female and what Beach called 
"coition" occurred, the test lasted for 15 minutes from what he described as 
the "first mating". When the male did not mate with a receptive female, the 
test was terminated after 15 minutes except in a few instances "in which the 
male apparently experienced high sexual excitement" (p. 168). In this case, 
the test period was doubled and the male was allowed 15 minutes from the 
time of the initial copulation if it occurred within the second 15 minute 
period. Tests with all incentive animals other than the receptive female 
lasted for 15 minutes. 
Beach recorded "activation time" (mount latency) as well as 
"attempts'! (mounts), "copulations" (intromissions) and "plugs" 
(ejaculations). In those tests where males did not copulate with receptive 
females or with other incentives, the male's "responsiveness" to the 
incentive was scored using Beach's own four point scale which described the 
noncopulatory behaviour of the male towards an incentive animal e.g. 
approach, investigation, climbing over etc. (p. 169). Beach had previously 
used this scale (Beach, 1940, 1941) and argued that while use of subjective 
measures had some problems the employment of such a method was valid 
as it illustrated differences between various noncopulating males. 
Beach also used film cameras to record the various sessions. He noted 
that in only four cases did the additional illumination disturb the male. In 
these four cases, the test continued under normal illumination and filming 
was restarted after the completion of the 15 minute test (p. 170). Beach was 
also able to employ the assistance of a Miss Mame Lloyd-Smith in the 
recording of his dictated observations (p. 168). 
1.5 Incentive stimuli 
The incentive stimuli used by Beach in his experiments with sexually 
experienced and inexperienced male rats under normal conditions and after 
single and multiple sensory loss were a) a small immature female guinea 
pig, b) a small female rabbit, c) a male rat, d) a female rat in oestrus, e) a non-
receptive ovariectomised female rat, 0 an anaesthetised female rat in 
oestrus. 
12 
The us~ of a small female guinea pig as a mating partner for a male rat 
appears at first sight somewhat strange but Beach was using material 
presented earlier by Stone (1922) who had noted that the behaviour of a 
female in oestrus was similar to that of the "quick irregular gallop of a 
guinea pig" (Stone, 1922, p. 102). In one instance, Stone paired a sexually 
naive male with a female guinea-pig the size of a female rat and found that 
when paired for one hour no attempt at copulation occurred. However, 
when paired with the female guinea pig three hours later attempts to mount 
by the male were observed which Stone described as being the result of "a 
small guinea-pig which moves about the cage in a manner somewhat 
resembling that of the female in heat" (Stone, 1922, p. 145). 
Beach also noted that Stone (1922) applied a "very weak solution of 
hydrochloric acid" (Stone, 1922, p. 144) to the anogenital area of a 
nonreceptive female rendering this area extremely sensitive to touch. Stone 
had observed that when a sexually naive male began sniffing the anogenital 
area the female had (unsurprisingly) moved quickly away. This rapid 
movement by the female had induced mounting behaviour in the male. 
Beach was interested in these findings as they might provide "(2) proof that 
initial mating reactions are elicited solely by the receptive female or an 
incentive animal whose movements resemble those of the receptive 
female" (Beach, 1942a, p. 165). Perhaps the most interesting part of this 
particular description is the observation that "the female upon being 
touched darted forward suddenly in the cage away from the male" (Stone, 
1922, p. 144). We shall see later in this work that the accelerative movement 
known as 'darting' in the female rat has a highly significant effect on the 
copulatory behaviour of sexually naive and experienced male rats 
(Madlafousek and Hlinak, 1983). 
Similarly, the use of a small female rabbit as an incentive stimulus 
while appearing a rather odd choice was a quite rational one if one 
remembers that Beach was interested in the stimuli adequate to elicit 
copulatory behaviour in male rat. Beach suggested an hypothesis "that the 
initial mating behaviour of the virgin male is not aroused exclusively by the 
receptive female, but may be elicited by a relatively wide range of stimulus 
objects" (Beach, 1942a, p. 165). If a female guinea-pig was able to elicit 
mounting behaviour then it was legitimate to introduce another species and 
observe the results. The use of a smaller male rat as a possible stimulus for 
elicitation of copulatory behaviour was again based on the previous 
observations of Stone (1922) who had however observed no male-male 
mounting. As mentioned above, Beach was interested in the type of stimuli 
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necessary to elicitate copulation in male rats and the use of a male as a 
stimulus object was an obvious option. 
Stone (1922) had used females that were "non-receptive as a rule, but 
receptive when available" (Stone, 1922, p. 105-106). Fairly obviously the 
female rat in oestrus is the optimal sexual partner for a male and is a 
stimulus variable that would need to be included in any study o( factors 
eliciting copulation on male rats. Beach was able to determine if a female 
was in behavioural oestrus by pairing her with a nonexperimental male "(1) 
a receptive female rat whose reactions to a nonexperimental male proved 
that she would display active precopulatory heat behaviour and copulatory 
co-operation" Beach (1942a, p. 167). 
Rather than using Stone's (1922) criteria for identification of non-
receptive females Beach (1942a) used ovariectomised females as control 
stimuli for receptive females "(2) a nonreceptive, sterile female rat, castrated 
30 days before the sex tests to obviate the occurrence of estrous behaviour" 
(Beach, 1942a, p. 167). As a final manipulation of the stimulus quality of the 
female rat Beach (1942a) took female rats in behavioural oestrous and 
rendered them immobile with injection of Nembutal "(3) an immobile 
female rat in heat (reception of a nonexperimental male proved the 
condition of receptivity and then nembutal was injected to immobilize the 
incentive female)" (Beach, 1942a, p. 167). 
1.5.1 Stimulus incentive presentation 
Having decided on the incentive stimuli to be used in this study 
Beach proposed a counterbalanced order of stimulus presentation over 
successive observation periods so that the behaviour of males could be 
evaluated. It is fairly obvious that Beach was unable at the outset to present a 
fully counterbalanced design as the number of males available to him was 
insufficient. In order to present a fully counterbalanced design with six types 
of incentive animals, Beach would have needed 720 subjects for each male 
subject type and as he had sexually inexperienced and experienced males 
running as controls and under conditions of single and multiple sensory loss 
the final number would have been astronomical. Beach therefore used a 
presentation order that at least enabled him to provide some semblance of a 
fully counterbalanced design. 
1.5.2 Incentive for sexually inexperienced normal males 
When Beach tested the 12 normal sexually inexperienced males he 
used the six incentive animals in the following order: (1) receptive female; 
(2) nonreceptive, sterile female rat; (3) immobile receptive female; (4) male 
rat smaller than the experimental male; (5) small, immature female guinea 
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pig; (6) small female rabbit. Each male was tested six times with two of the 
males being presented with the same stimulus animal during the first trial. 
Thus, two males were given the receptive female, two males the 
nonreceptive female, two males the anaesthetised female, two males the 
male rat, two males the guinea pig and finally two males the rabbit. "In each 
of the five subsequent tests each of the various incentive animals- was 
presented to at least one experimental male" (Beach, 1942a, p. 168). The 
stimulus presentation sequence for sexually inexperienced control males is 
presented below in Table 1.1 However, as we can see from the table Beach did 
not actually present the full stimulus sequence, the rabbit as an incentive 
stimulus was not presented in all trials. 
Table 1.1 Incentive presentation for normal sexually inexperienced males 
Trial Number 
1 2 3 4 5 6 
RF GP NRF R M IRF 
RF NRF M GP IRF * 
NRF M GP R IRF RF 
NRF R M IRF GP RF 
IRF RF NRF M GP * 
IRF M RF GP NRF * 
M GP R IRF RF NRF 
M IRF GP RF NRF * 
GP RF NRF IF M * 
GP R IRF RF NRF M 
R IRF RF NRF M GP 
R NRF IRF M RF GP 
RF =Receptive Female: NRF = Nonreceptive Female: M= Male: R =Rabbit 
IRF =Immobile Receptive Female: GP= Guinea Pig:*= No stimulus 
Data from this experiment showed that two mounts were exhibited by 
one male towards one young male; five males mounted a nonreceptive 
female once, three, fourteen, fourteen and sixteen times; the guinea pig was 
mounted seven times by two males. Apart from copulatory sequences with 
receptive females, no other copulatory behaviour was noted. 
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1.5.3 Incentive for sexually inexperienced sensory loss males 
The 23 sexually inexperienced males subjected to single or multiple 
loss of sensory information, were tested with different stimulus incentives 
to the control sexually inexperienced males. Beach noted "Curtailment of the 
number of different incentive animals presented to operated males was 
dictated by emphasis upon the reactions of such males to the receptive 
female. Preliminary tests revealed that desensitization reduced the general 
responsiveness of the male to any incentive animal. This discovery 
indicated the advisability of repeated tests with the receptive female instead 
of single tests with a variety of incentive animals" (Beach, 1942a; p. 171. 
italics added). Beach noted "The young of the smallest breeds of rabbits do 
not ope!\ their eyes and walk until they are nearly half again as large as the 
male rats used in this investigation. Because we desired to use animals 
approximately the size of the female rat, tests with young rabbits were not 
completely satisfactory. However, eight normal males were tested with this 
incentive animal." (p. 179). Table 1.1 showed that not all control males were 
paired with a rabbit. It would appear that during trials with sexually 
inexperienced control males Beach had decided that an immobile rabbit was 
not a satisfactory stimulus incentive. 
Consequently, the stimulus incentives used with sexually 
inexperienced males with single and multiple sensory loss were as follows. 
Males with a single sensory loss were paired with: a receptive female, an 
immobile receptive female, a nonreceptive female, a young male and a 
guinea pig. A receptive female was used in the first test for two males from 
each of the single sensory loss conditions (sight, smell and touch). Blind 
anosmic males were tested with: a receptive female, a nonreceptive female 
and a guinea pig. Blind and anaptic males were tested with: a receptive 
female, a young male, an immobile receptive female and the guinea pig. 
Anaptic and anosmic males were tested with: a receptive female and a 
nonreceptive female. Blind, anosmic and anaptic males were tested with a 
receptive female and a young male. 
In this experiment, one of the anosmic males mounted a young male 
ten times, an one anaptic male mounted a guinea pig nine times, a 
nonreceptive female nine times and an immobile female twenty three 
times, another anosmic male mounted a nonreceptive female twice. Of the 
blind males not one mounted any stimulus animal apart from a receptive 
female. 
We have seen that Beach was interested in whether or not a stimulus 
other than the same species was sufficient to activate copulatory behaviour 
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in a male rat. While this was certainly a novel idea based on an ethological 
perspective of behaviour, the way in which Beach used the observed data 
resulted in an analysis which confused the issues addressed by the paper and 
consequently the conclusions drawn from it. Beach was aware of the 
problem that these findings made to one of his main investigatory criteria 
namely "Are the initial copulatory reactions of the adult virgin_ male rat 
elicited exclusively by the receptive female of his own species?" (p. 164). 
Fairly obviously they were not and Beach was well aware of this as he 
recognised the problem with this design and said when talking about male-
male mounting ''This is a case in which an incentive animal other than the 
receptive female may have aroused the experimental male to the point of 
exhibiting the motor patt;eru, of copulation; but because the incentive animal 
would not permit the male to mount it cannot be safely concluded that the 
mating pattern was activated." (p. 193). 
At this point, it may well have been appropriate to acknowledge that 
the use of an incentive animal other than a female of the same species was 
unsatisfactory. Beach however persisted with the concept and rightly pointed 
out that "The only indisputable proof of sexual excitement sufficiently 
intense to elicit mating is the actual occurrence of the copulatory pattern; but 
the execution of this pattern depends on the submissiveness of the incentive 
animal." (p. 193). If mere submissiveness was all that was needed, then an 
immobile receptive female would satisfy this criteria but males did not mate 
with these females. To describe a receptive and actively soliciting female as 
submissive, would seem an inappropriate term. 
Beach made these statements based on observations that, when a 
control sexually inexperienced male attempted to mount a nonreceptive 
female, it was attacked. He then suggested that the use of a four point scale of 
his own devising which measured the male's "responsiveness" was able to 
overcome this difficulty. His interpretation concluded with the inclusion of 
the "consideration of the male's responsiveness rating and the willi~gness of 
the incentive animal to accept the male in case the latter has been aroused." 
(p. 194). At this stage of his analysis, Beach introduced the notion of 
individual differences of "excitement" in males and the minimal state of 
excitement adequate to activate the motor pattern of mating as the 
"copulatory threshold."(p. 195). 
While the introduction of the concepts of excitability and a copulatory 
threshold are interesting, they will be dealt with later in the discussion of 
this work. The point that is being addressed in this section is whether or not 
subsequent analysis of the experiments carried out by Beach in this paper 
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should include the reactions of males to incentives other than receptive 
females. 
Beach had observed: a) that initiation of copulation by males only 
occurred toward an awake oestrous female; b) after successful mating with an 
oestrous female other incentives occasionally elicited mounting; c) 
presentation of other incentive stimuli before the oestrous female 
sometimes inhibited behaviour when the male was paired with an oestrous 
female; d) an immobile receptive female was not an adequate stimulus to 
elicit copulation. 
Beach's contention that previous pairing with incentives other than a 
receptive female in some way inhibited copulation in males is somewhat of 
a moot point. As no other studies have been conducted since that have 
paired other animals in this way, there is no definite proof to the contrary. If 
however we consider that males did not mount any animal except a 
receptive female the idea that previous pairing with a non sexually attractive 
stimulus inhibits copulation does not necessarily follow. It is entirely 
possible that males simply did not copulate with receptive females. 
We shall see later that Beach was determined to induce copulation in 
all normal males and wished to provide an analysis based on this. That 
males mounted other incentive animals after successful mounting of a 
receptive female does not necessarily tell us anything about the stimuli 
required to elicit copulatory behaviour. All it appears to tell us is that males 
will on occasion mount another species. 
The observation that males will not mount an immobile receptive 
female while supporting Stone (1922) showed that the presence of a 
"submissive" stimulus was not sufficient. Stone's work described previously 
whereby application of an acid solution had induced movement in 
nonreceptive females and a guinea pig resulting in mounting by males was 
amplified in this experiment in that copulation could only be considered to 
occur with a receptive and active female. Active "soliciting" behaviour on 
the part of the female has been shown to be of importance in the elicitation 
of copulatory behaviour in sexually naive male rats (Madlafousek and 
Hlinak, 1983). While Beach did not for many years acknowledge the role of 
the female in copulation (Beach, 1976), his results make it apparent that if 
the role of sensory systems in the copulation of male rats is to be examined 
the consideration of behaviours directed to toward other stimuli is 
inappropriate. For the purpose of evaluation of Beach's work in the 
investigation of sensory systems and male copulation the interpretative data 
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based on Beach's findings will be confined to the pairing of males with 
receptive females. 
1.6 Normal sexually inexperienced male rats 
Beach used twelve male rats raised in isolation from 21 days until 
time of testing at 120 to 130 days old as controls for sexually inexperienced 
males subjected to various levels of sensory loss. These males were tested 
with different stimulus incentives including receptive females and the 
results of these tests expressed in terms of behaviour observed with receptive 
females is presented below in Table 1.2. 
Table 1.2 Normal sexually inexperienced males paired with receptive 
females 
Condition Subject Trial Number 
1 2 3 4 5 6 
Normal 
24 YES .. 
25 YES 
26 NO 
27 NO 
28 YES 
29 YES .. 
30 YES 
31 YES .. 
32 YES .. 
33 YES .. 
34 NO 
35 NO 
N= 12 
Table 1.2 is of a format which will used throughout this section. The 
numbers assigned to subjects are those used by Beach. Where a cell is blank a 
stimulus incentive other than a receptive female was used. Where an 
asterisk (•) is shown no test with any incentive animal was carried out i.e. 
testing was terminated. The word 'YES' indicates that a male may or may not 
have mounted, but did exhibit at least one intromission and ejaculation. The 
word 'NO' indicates that the male did not exhibit any mounts, intromissions 
or ejaculations. 
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It can be seen from the table above that eight of the twelve sexually 
naive males copulated with receptive females but four did not. Beach tells us 
that "The sexual vigor of the 8 copulators (as measured by number of 
copulations, attempts, and vaginal plugs) was equal to that of sexually 
experienced males described in earlier reports." (p. 173) but did not offer any 
other copulatory measures as an indication of performance. Beach also made 
the point that observation of this pattern of behaviour lent support to earlier 
work which had suggested that the motor pattern involved in the male's 
mating response was innately organised (Stone, 1922; Beach, 1940, 1941). 
Beach noted that the time taken to initiate a copulatory sequence 
(mount latency) shown by males increased as a function of test position. 
Beach analysed the data further and noted that males paired with_other 
incentives did not copulate until paired with the receptive female and 
displayed mount patterns when paired with other incentives after the 
receptive female. Those males who did not copulate with the receptive 
female did not display any mounting behaviour towards other incentives 
after the receptive female (pp. 176-177). 
Beach hypothesised that the failure of the four males to copulate was 
dependent on the position in the test series that these males were paired 
with a receptive female. Certainly, based on the observed data and the 
testing pattern used this was not an unreasonable suggestion. In order to 
examine this further Beach injected the noncopulating males with 
testosterone propionate and tested them again with incentive animals. The 
results of these additional trials are shown below in Table 1.3. 
Table 1.3 Noncopulating males with testosterone 
Subject 
26 
27 
34 
35 
1 2 3 
TRIAL NUMBER 
4 5 6 7 8 9 10 
NO 
NO YES 
NO 
NO 
Testosterone 
20 
11 
NO 
NO 
YES 
As can be seen from the table above injection of testosterone 
propionate did induce copulation in two of the males but not in the other 
two males. While one can sympathise with Beach in his efforts to induce 
copulation in all sexually naive subjects it would appear that he may have 
run in to the phenomenon of 'persistent noncopulation'. It has been shown 
that 20% to 40% of male laboratory rats fail to mate despite numerous 
opportunities to copulate with an oestrus female (Whalen, 1964). It is 
possible that noncopulators secrete less androgen than copulators or that 
noncopulators are less sensitive to androgen than are .copula tors (Pottier and 
Baran, 1973). 
If we consider the first possible explanation that these noncopulating 
. males secre~ less androgen _it has been shown that these males show no 
difference in accessory reproductive glands (Whalen, Beach and Kuehn, 
1961). If castrated rats are given hormone replacement therapy the 
noncopulators do not respond to quantities of testosterone propionate that 
reinstate mating in subjects that mated before castration (Whalen, Beach and 
Kuehn, 1961). That noncopulators are less sensitive to androgen does not 
appear to be the case as many noncopulators cannot be induced to mate even 
when very high doses of testosterone are administered (Whalen, 1964; 
Whalen, Beach and Kuehn, 1961). It may well be that these persistent 
noncopulators have a low level of arousability (Pottier and Baran, 1973). 
The rearing of the males in isolation and together may also have had 
an effect on the behaviour observed by Beach. In monkeys, Mason (1960) and 
Harlow (1965) found that socially isolated males were impaired in the 
establishment of sexual relationships with the opposite sex. In guinea pigs, 
social isolation causes serious deficits in male-female sexual pairings. These 
males displayed an inability to mount the female and simply climbed upon 
the head and sides of the receptive female. Despite prolonged exposure to 
receptive females, serious deficits remained (Goy and Young, 1957). 
In rats the results have been less conclusive. Beach raised males both 
in isolation and in social contact and did not observe any impairment in 
normal copulating males (Beach, 1942b). In a later experiment, Beach raised 
animals in isolation from 14 days and found no impairment (Beach, 1958). 
Other workers found severe impairments in socially isolated males (Gerrall, 
Ward and Gerrall, 1967). HArd and Larsson (1968a; Zimbardo, 1958) addressed 
this issue and found that some socially isolated males did not mate with 
receptive females even after long periods of exposure. Males raised together, 
copulated on the first pairing with a receptive female while socially isolated 
males did not. In addition, socially isolated males displayed poor approach to 
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the female by climbing upon the head, back and sides. While the socially 
reared male would climb upon the back of the female and clasp and mount, 
the social isolates simply climbed on to her back and neither palpated nor 
mounted. Once, however, a male had managed to mount, the transition 
from an incomplete behavioural pattern to a normal one was rapid and 
these males then displayed normal copulatory patterns. 
The observations of Beach (1941;1942a; 1958) led him to believe that in 
this species at least, social experience in early life plays a negligible role in the 
development of sexual behaviour. Even those investigators who have found 
a deficit, observed that some of the isolated males do display a normal 
copulatory pattern and that when a successful mount has been made the 
transition to a normal pattern is swift (HArd and Larsson, 1968a). With this 
rather equivocal data the assumption cannot be made that the display (or 
not) of sexual behaviour by males in Beach's study was affected by the rearing 
methods employed. It does, however, draw our attention to the 
inadvisability of using suboptimal preparations in the examination of 
sensory loss on sexually inexperienced males. Because of this variability in 
base level response, the data from the males injected with testosterone 
propionate will not be included in this analysis. 
1.6.1 Anosmic males 
Five males were made anosmic at 80 to 90 of age by destruction of the 
olfactory bulbs. After trephination of the skull, neural tissue was removed by 
suction. 
Beach initially began with five males in this particular sensory loss 
condition but only reported data for four of them. Examination of Beach's 
paper shows us where the 'missing' male may have gone. The unreported 
male (subject 3) is mentioned when Beach analysed the reactions of anosmic 
males to incentive animals other than the receptive female. Beach tells us 
that (when paired with a young male) "Male 3 (whose complete record is not 
reported) grasped the young male's ears in his teeth and pulled the incentive 
animal about the cage." (p. 185). Beach did not say why data for this particular 
male was not presented in the paper. After an initial test sequence of four 
presentations with different incentives, Beach ran three extra tests. Table 1.4 
shows the data reported by Beach for sexually naive males subjected to 
olfactory bulbectomy and given up to seven trials with incentive animals. 
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Table 1.4 Sexually inexperienced anosmic males 
Condition 
Anosmic 
N=4 
M= Mount(s) 
Subject 
1 
2 
4 
5 
1 
NO 
M 
TRIAL NUMBER 
2 3 4 ·5 
M 
M 
M M 
YES .. 
6 7 
-
NO NO 
M NO 
.. .. 
It can be seen from Table 1.4 that three of the four males attempted 
copulation-with receptive females but did not intromit or ejaculate. One 
male (#5) did copulate with a receptive female and delivered 7 mounts, 15 
intromissions and 2 ejaculations. During three supplementary tests with 
receptive females the other males mounted the receptive female between 
three and four times during each trial. It would appear from this data that 
loss of olfaction has an effect on the copulatory behaviour of male rats, 
during their first experience of a receptive female in that 75% of males tested 
did not display any copulatory behaviour towards a receptive female. If the 
loss of olfaction is so profound, then it is of interest to examine why one 
male (#5) did copulate with a receptive female. 
Beach reported '1n the present study only one of four males whose 
records are shown in table 5 can definitely be described as anosmic. In male 1 
all olfactory fibers were destroyed. Numbers 2 and 4 may have retained 
fragmentary connections between the olfactory epithelium and the brain." 
(italics added, p. 182). Beach does not offer an analysis of the third male 
which did copulate (#5) but does say "The presence of even residual olfactory 
sensibility in animals 2, 4, and 5 is by no means assured, but it seems safest to 
assume that a diminished sensibility survived." (p. 182). 
The finding that the only copulating male (#5) was not anosmic 
would appear to add to the strength of Beach's finding that anosmic males do 
not copulate with receptive females. It does, however, rather cloud the 
interpretation of the data for the other males. If one of the remaining males 
was definitely anosmic (#1) and did not copulate the reason for the 
noncopulation of the other males (#2, #4) needs to be found. Either the other 
males did not copulate because the level of 'near' anosmia was such that it 
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was in all but name the same as full anosmia or the males did not copulate 
for some other reason. 
If, however, we look at the data presented by Beach we can see that all 
the nonanosmic males mounted receptive females during their first 
pairings. The one male definitely rendered anosmic did not do so. In 
supplementary trials all of the nonanosmic males mounted as did the 
anosmic male. It is possible that the nonanosmic males mo_unted and 
copulated during their first presentation with receptive females because 
residual olfactory capabilities ameliorated the effect of total anosmia. The 
one anosmic male did not mount a receptive female during the first trial 
because of loss of olfactory sensibility but did so during the second trial 
because previous experien~ hag in sqme way assisted in overcoming the 
impairment. That the male did not subsequently copulate during the further 
two trials would, however, appear to mitigate against this argument. When 
the copulatory performance for normal sexually inexperienced males was 
discussed above, it was suggested that Beach had simply come across the 
regular phenomenon of non copulating males within a sample population 
and it is possible that this was the case in this instance. 
Subsequent work has shown that the effect(s) of anosmia is difficult to 
interpret. Total olfactory bulbectomy destroys accessory olfactory receptors in 
the vomeronasal organ which are sensitive to nonvolatile odours 
(Meredith, 1983). An alternative to bulbectomy involves the intranasal 
application of ZnS04 to the olfactory epithelium. There are, however, 
problems with the use of this method which can include illness due to 
systemic intake (Mayer and Rosenblatt, 1977) as well as induction of 
hyposmia due to insufficient application (Slotnick and Gutman, 1977). Stern 
(1990) points out that the best course is destruction of the olfactory 
epithelium and removal of the vomeronasal organ which has only been 
carried out in hamsters (Marques, 1979). Peripheral anosmia induced by 
ZnS04 reduces the percentage of sexually naive males copulating as well as 
reducing social-investigatory behaviour (Thor and Flannelly, 1977). 
Whatever the reason for the data observed by Beach, the fact remains 
that only one of the four sexually inexperienced males was definitely 
anosmic and it did not copulate when paired with a receptive female. This 
means that the data presented by Beach is incorrect and that the data should 
be presented differently as shown in Table 1.5. 
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Table 1.5 Reformulation of sexually inexperienced anosmic males 
Condition Subject TRIAL NUMBER 
1 2 3 4 5 6 7 
Anosmic 
N = 1 
M= Mounts 
1.6.2 Anaptic males 
"Five males aged 80 to 90 days were deprived of cutaneous sensitivity 
in the snout, lips, and lower jaw by section of the sensory nerve supplying 
these regions." (Beach, 1942a). The operation was carried out unilaterally in 
three stages with a 10 day rest period between operations. In addition the 
vibrissae of the males were kept clipped throughout the experimental 
sequence. 
Beach initially stated that five sexually inexperienced males had been 
rendered anaptic prior to testing with incentive animals. However, as in the 
case of anosmic males one male was excluded from analysis. While mention 
of the male excluded from analysis in the anosmic condition was made this 
particular male (#10) is not mentioned anywhere in Beach's paper and it's 
disappearance from analysis remains a mystery. The remaining anaptic 
males were given five copulatory trials with incentive animals and as in the 
case of anosmic males a further three trials were given. Table 1.6 shows the 
results of pairing sexually inexperienced males with receptive females. 
Table 1.6 Sexually inexperienced anaptic males 
Condition 
Anaptic 
N=4 
Subject 
6 
7 
8 
9 
1 
NO 
YES 
2 
TRIAL NUMBER 
3 4 5 6 
NO 
.. 
YES .. 
NO 
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7 8 
NO NO 
.. .. 
.. .. 
Table 1.6 above shows that two males (#6, #9) did not exhibit any 
copulatory activity towards receptive females. The remaining two males did 
copulate with receptive females. One male (#7) copulated with a female 
during the first stimulus presentation and delivered 6 mounts, 13 
intromissions and three ejaculations. Subject #8 also copulated and 
displayed 6 mounts, 6 intromissions and 1 ejaculation. The other two males 
displayed no copulatory behaviour toward receptive females. These results 
would indicate that loss of trigeminally mediated cutaneous sensation from 
the perioral area does not abolish copulatory behaviour in all cases. 
It is of interest however to note what Beach said about the nature of 
the surgical intervention. Beach tells us that "Post mortem dissection 
revealed that in the case of males 6 and 8 all effective sensory branches of the 
fifth nerve had been completely interrupted." (p. 186). But what of the other 
two remaining males? Beach is forthcoming on this point and informs us 
that "In number 7 a few strands of the right external nasal and the left 
mandibular branches may have been intact. Number 9 showed evidence of 
possible regeneration of portions of the right superior labial and mandibular 
branches." (p. 186). Beach went further and noted "that sensitivity if not 
completely eliminated was markedly reduced." (p. 186). 
The surgical procedure used by Beach was as follows "(1) section of the 
external nasal and superior labial branches of the trigeminal nerve at their 
point of exit from the infraorbital fissure; (2) interruption of the mental 
branches of the same nerve at the mandibular foramen; (3) destruction of the 
myohyloid branches of the fifth nerve at the point of their emergence from 
the digastricus muscle (Greene, 1969)." (Beach, 1942a, p. 166). These sections 
were done in two unilateral stages, with a 10 day rest period between the 
operations. During the course of the experiment, the vibrissae were kept 
clipped although Beach did not describe the procedure or intervals between 
vibrissa! clipping. The clipping of the vibrissae in inexperienced and 
experienced males was carried out in response to Stone's work (1922) which 
did not find an effect using vibrissa! clipping. Beach noted that "Deprivation 
of the vibrissae does not preclude the possibility of sexual recognition based 
upon tactile stimuli (derived during the male's investigation of the females 
vaginal region) from the roughened, swollen, distended lips of the vagina." 
(Beach, 1942a, p. 199). 
This cutting of sensory nerves would have resulted in the following 
denervations: (1) Section of the external nasal and superior labial branches at 
their exit from anterior lacerated foramen removed information from the 
skin of the nose and muzzle as well as the wing and tip of the nose. (2) 
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Section of the mental branch at the foramen ovale removed sensory input 
from the skin of the chin and mucous membrane of the upper lip. (3) 
severance of the myohyloid branches removed sensory input to skin of the 
lower jaw. Thus, subject #7 which showed partial retention of the external 
nasal branch of trigeminal nerve still had sensation on the right mystacial 
pad. The other male (#9) would have had sensibility intact in the·mystacial 
area and the skin of the muzzle. 
Beach did not remove any other sources of cutaneous sensation 
because of the earlier work of Stone (1923) who had in two operations 
removed the skin from sternum to testes in male rats thus removing all 
sensation from the ventral area and found no effect on copulation. It is likely 
that the time interval of 14 days between the first and second operation and 
the 14 day interval after the second operation mean that regrowth may well 
have occurred which would cast doubt on Stone's finding. Beach disagreed 
with Stone's analysis saying "it is difficult to see how proprioceptive 
sensation or the cutaneous sensitivity of the ventral body surfaces could 
stimulate mating behaviour before the male mounted the stimulus animal 
." (Beach, 1942a, p. 197). Beach was obviously interested in the stimulus 
necessary to mount rather than the effect of any feedback from the pudendal 
area. 
As in the case of the (non)anosmic males, Beach decided to continue 
the analysis even though there were obvious doubts as to the validity of the 
surgical intervention. In addition a 10 day interval between operations may 
well have resulted in compensation for sensory deficit in males prior to 
testing. While his statement on the postoperative state of these males was 
not as strong as that of the state of anosmic males, we can make the 
assumption that two of the four reported sexually naive males were not 
subject to perioral tactile sensation. If this reformulation is accepted, the data 
still shows a 50/50 split in copulation/noncopulation but the sample size is 
reduced from four to two. Table 1.7 below shows a reformulation of data for 
anaptic males from Beach's study. 
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Table 1.7 Reformulation of sexually inexperienced anaptic males 
Condition 
Anaptic 
N=2 
Subject 
6 
8 
1.6.3 Blind males 
1 2 
NO 
TRIAL NUMBER 
3 4 5 6 7 
NO -NO 
YES .. .. 
8 
NO 
.. 
Five males were blinded by bilateral enucleation at 80 to 90 days old 
and tested between 125 to 135 days of age. Unlike the anosmic and anaptic 
conditions, the reported number matches that of the design. Like the 
anosmic and anaptic conditions, three extra trials were run with incentive 
animals. The results of the pairing of blind, sexually inexperienced male rats 
with receptive females are presented below in Table 1.8. 
Table 1.8 Sexually inexperienced blind males 
Condition 
Blind 
N=5 
Subject 
11 
12 
13 
14 
15 
1 
NO 
NO 
M&I = Mounts and Intromissions 
2 
YES 
TRIAL NUMBER 
3 4 5 6 
NO 
NO 
.. 
NO M&I 
NO 
7 8 
NO NO 
NO NO 
.. .. 
.. .. 
From the table above it can be seen three males did ~ot display 
copulatory activity toward receptive females at any time. One male (#13) did 
copulate with a female and displayed 1 mount, 12 intromissions and 1 
ejaculation within the first experimental trial. One other male (#14) did not 
copulate during the first experimental sequence but during the 
supplementary trial displayed 11 mounts and 6 intromissions. It appears 
from this data that loss of vision in sexually inexperienced male rats may 
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well inhibit copulation but not necessarily prevent its occurrence although 
three out four males not copulating does show a severe disruption. 
1.6.4 Blind and anosmic males 
Two males aged 80 to 90 days were rendered blind and anosmic and 
given six trials with incentive animals. Table 1.9 shows that neither of these 
two males showed any copulatory activity toward receptive females. 
Table 1.9 Sexually inexperienced blind and anosmic males 
Condition 
Blind & Anosmic 
N=2 
Subject 
16 
17 
1 
NO 
TRIAL NUMBER 
2 3 4 5 
NO NO 
NO NO 
6 
NO 
NO 
Beach makes an interesting comment on the males made blind and 
anosmic "blind male 16 (who was probably anosmic)" (p. 189) as well as 
saying "Blind male 17 (definitely anosmic)" (p. 189). These comments are 
rather puzzling as Beach does not elaborate any further on them. The 
assumption must be made that male 16 was anosmic although in the light of 
some of Beach's previous comments on the integrity of olfactory bulbectomy 
this might well be considered a moot point. Nonetheless, it would appear 
that in this case the removal of two sensory systems had a profound effect on 
the copulatory behaviour of sexually inexperienced mrue rats paired with 
receptive females. 
1.6.5 Blind and anaptic males 
Two sexually inexperienced males were aged 80 to 90 days rendered 
blind and anaptic and paired with stimulus animals. The data gathered for 
these subjects is shown below in Table 1.10. 
Table 1.10 Sexually inexperienced blind and anaptic males 
Condition 
Blind & Anaptic 
N=2 
Subject 
18 
19 
1 
NO 
TRIAL NUMBER 
2 3 4 5 6 
NO NO NO 
NO NO 
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7 
NO 
NO 
In no trial with receptive females did the blind and anaptic males 
evidence any copulatory behaviour. This finding appears to support the 
result of the previous manipulation on blind and anosmic males that 
removal of two sensory systems has a profound effect on the expression of 
copulatory behaviour in sexually inexperienced male rats. 
However, the validity of the experimental manipulation of sensory 
input appears to be in doubt. Of the two males rendered blind and anaptic, 
Beach notes "Male 18 showed some evidence of regeneration in the right 
mandibular branch of the fifth nerve. Rat 19 possessed intact fragments of 
the right. mandibular and superior labial branches. In neither animal did the 
residual fibers represent more than one-~enth of the normal nerve supply." 
(p. 189). If we consider Beach's earlier comments on two anaptic males; he 
noted "that sensitivity if not completely eliminated was markedly reduced." 
(p. 186). In that particular instance he was talking about "a few strands" and 
"possible regeneration" while in this case he tells us that about one-tenth of 
the sensory pathways was intact. Male 18 would therefore have retained 
sensory information from the mystacial vibrissae and the muzzle. The other 
male (19) had intact mandibular and superior labial nerves which would 
give normal sensory information from the mystacial vibrissae and the skin 
of the nose and muzzle. These two males cannot therefore be considered to 
fully blind and anaptic. 
As we have seen earlier, loss of vision is also able to disrupt 
manifestation of copulatory behaviour in sexually inexperienced male rats. 
The observed result of noncopulation by these two male could easily be 
explained by blindness alone. Admittedly one of the four blind males 
copulated and it could be argued that blindness and unilateral removal of 
mystacial information were sufficient to induce the observed noncopulation. 
This would, however, necessitate an experimental sequence of left and right 
unilateral mystacial denervation. The most parsimonious explanation is 
that these males were not in fact anaptic but were definitely blind. This 
means that, in this case, Beach did not test for blindness and anapsis and no 
data for this experimental condition is available. 
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1.6.6 Anosmic and anaptic males 
Data for the last two males aged 80 to 90 days with a double sensory 
loss (olfaction and perioral tactile sensation) is presented below in Table 1.11. 
Table 1.11 Sexually inexperienced anosmic and anaptic males 
Condition 
Anosmic & Anaptic 
N=2 
Subject 
20 
21 
1 
NO 
TRIAL NUMBER 
2 3 4 5 
NO NO NO 
NO NO NO NO 
As can be seen from the table above, a double loss of sensory input 
again has a profound effect on the copulatory of inexperienced male rats. 
Neither of the two males copulated with a receptive female at any trial. 
When the data for these two males is reviewed Beach notes that "Fifth 
nerve section was complete in both cases." (p. 191). He further observes that 
"Interruption of the olfactory fibers was complete in rat 20 and probably 
complete in rat 21." (p. 191). This latter observation is somewhat disturbing 
as Beach had stated earlier when reviewing the status of four males made 
anosmic by olfactory bulbectomy that only one could be considered anosmic 
as fragments of connection tissue were found at autopsy. Whether or not 
Beach meant that some fibres were found in rat 21 or that he was unable to 
make a complete postmortem analysis is unclear. It would appear, however, 
that Beach was prepared to include this animal as anosmic. 
1.6.7 Blind, anaptic and anosmic males 
Of the two males aged 80 to days subjected to triple sensory loss Beach 
makes no comment as to the status of these animals but does report that one 
of the males was tested twice and then removed from the experimental 
sequence because it "exhibited mild symptoms of labyrinthitis" (p. 191). The 
data for these two males shown in Table 1.12 would indicate that loss of 
three sensory inputs prevents expression of copulatory behaviour in adult 
sexually inexperienced male rats. 
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Table 1.12 Sexually inexperienced blind, anosmic and anaptic males 
Condition 
Blind, Anaptic, 
Anosmic 
N=2 
Subject 
22 
23 
1.7 Sexually experienced male rats 
TRIAL NUMBER 
1 2 3 4 5 
NO NO NO NO 
NO .. .. .. 
In order to assess the effects of single and multiple loss of sensory 
information in sexually experienced males Beach used fourteen males that 
were raised together. These males were given copulatory experience of 
varying amounts in preoperative tests and then subjected to single or 
multiple removal of sensory input. Following removal of one or more 
senses the males were again tested for copulatory performance. 
Unlike the data for sexually inexperienced males, Beach did not report 
any postmortem analyses for these animals or their age at time of operation. 
The assumption must be made that all of Beach's surgical interventions 
were as planned. For these males, Beach did not report any preoperative 
copulatory parameters but noted that they were all "vigorous copulators in 
preoperative tests" (p. 172). If this was the case, then it must be assumed that 
Beach tested these fourteen males with receptive females during 
preoperative tests and, as Beach did not state to the contrary, it must be 
assumed that they were also paired with receptive females during 
postoperative trials. 
Beach reported that five males were made blind by enucleation, five 
males were made anosmic, four males were made anaptic, six males were 
blinded and made anaptic, two males were made blind and anosmic. Finally 
one male was made blind, anaptic and anosmic. 
It is puzzling to note that while fourteen males are described in the 
paper as the subject pool, twenty three males are described as having sensory 
loss (p. 172). This is in marked contrast to his experiment on sexually 
inexperienced males where the number of subjects reported decreased. Table 
1.13 below shows the procedural data for sexually experienced males as 
reported by Beach. 
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Table 1.13 Test procedure for sexually experienced males 
N Preoperative 
5 
5 
4 
6 
2 
1 
Tests 
3 
3-8 
3-10 
6-10 
8 
6 
Procedure 
Blind 
Anosmic 
Anaptic 
Blind & Anaptic 
Blind & Anosmic 
Blind, Anaptic, Anosmic 
Postoperative Postoperative 
Test Period . Tests 
?-? ?-? 
25-75 7-11 
21-44 11? 
?-? ? -? 
?-? ?-? 
? -? 3&3&10 
Table 1.13 above shows that Beach did not report postoperative test 
periods and number of postoperative tests for three of the five conditions (? -
?). The number of postoperative tests for anaptic males is based on a report 
for one male (11 ?). It is difficult to see from the above table how a consistent 
multiple strategy was employed. Beach does, however, mention that 
fourteen males were tested more than once in his paper and certainly repeats 
the assertion in his final summary (p. 203). 
The assumption must therefore be made that nine of the fourteen 
males (blind and anaptic; blind and anosmic; blind, anosmic and anaptic) 
were tested under conditions of some kind of single sensory loss an 
unspecified number of times and then subjected to removal of another sense 
prior to a final unspecified number of tests. It is obvious from Table 1.13 
(shown above) that it was not possible within the number of subjects to 
achieve a uniform sequential removal of sensory systems. Neither is it 
possible to construct a logical sequence for all multiple loss conditions from 
the animals subjected to single sensory loss. 
1.7.1 Blind males 
Five males were given three preoperative tests followed by blinding by 
enucleation (p. 172) Beach did not report the number of postoperative trials 
but did tell us that the average number of 'copulations' (intromissions) per 
15 minute period was 11.5 preoperatively and 12.1 after blinding. He also told 
us that the average number of 'attempts' (mounts) and the activation times 
(mount latency) were unaffected by the operation (p. 192). Beach did not 
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report whether or not any of these males ejaculated but did mention that 
they "continued to mate actively after enucleation of the eyes." (p. 199). 
While we must take Beach's word for these reports they are plainly 
unsatisfactory as they do not provide proper pre and post operative 
copulatory parameters. Whether or not the copulatory sequence in terms of 
intervals and patterning as well as amount of ejaculations was affected is not 
known. 
1.7.2 Anosmic males 
Five males were given three to eight preoperative tests followed by 
destruction of the olfactory bulbs. Males were then tested 27 to 75 days after 
the induction of anosmia (p. 172). Seven to eleven postoperative tests were 
then given but Beach only describes this for two of these males and says that 
they "equalled their preoperative sex performance" (p. 192). The other three 
males copulated but displayed sexual activity in a lower percentage of the 
tests and ~opulated less frequently during their positive postoperative sex 
tests (p. 192). 
As in the case of blinded males, this level of reporting is inadequate, 
three out of five males were affected by anosmia and did not copulate during 
repeated trials. Whether these males copulated during the first trial after the 
operations is not known, repeated testing and possible noncopulation during 
trials as well as no reporting of alteration to copulatory parameters render 
this data highly unsatisfactory as plainly some effect of anosmia was noted. 
1.7.3 Anaptic males 
Four males were given three to ten preoperative sex tests and then 
deprived of sensitivity in the snout and lips. Following surgical lesion, these 
males were tested 21 to 44 days postoperatively (p. 172). Beach noted that all 
animals showed "survival of copulatory reactions with no apparent 
diminution of frequency of coition in three cases.". ''The fourth animal 
copulated 10.3 times per 15 minute test in 10 preoperative tests and 7.2 times 
in 11 postoperative observation periods." (p. 192). The assumption from this 
presented data is that all males were given a maximum of 11 postoperative 
trials and that the one male singled out for special mention showed a 
reduction in copulatory performance. Beach also noted that "Three of the 
four postoperative copulators experienced difficulty clasping and holding the 
female. Interference with orientation to the stimulus animal was apparent." 
(p. 192). What part of the four subject group the three males described as 
having difficulty were was not made clear. Again, this report of the data does 
not provide any real picture of what actually occurred in terms of copulatory 
performance. 
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1.7.4 Blind and anaptic males 
Six males observed in six to ten preoperative tests were blinded and 
subjected to section of the sensory branches of the fifth nerve and 
postoperative tests conducted (p. 172). "All of these animals continued to 
copulate postoperatively. Three cases displayed difficulty mounting and 
clasping the female." (p. 192). In this instance ,Beach presented no data on 
the number of postoperative trials or any other copulatory parameters. 
1.7.5 Blind and anosmic males 
Two males were tested for mating behaviour before and after removal 
of the eyes and olfactory bulbs (p. 172). These males were given eight 
preoperative tests and Beach notes "In postoperative tests both of these 
animals copulated." (p. 192). Again no data on the amount of postoperative 
trials or any other data was presented. 
1.7.6 Blind, anaptic and anosmic male 
One male received six preoperative tests before enucleation followed 
by three postoperative tests which were then followed by section of sensory 
branches of fifth nerve and a further three tests. Finally the olfactory bulbs 
were removed and a further ten tests given over a period of 90 days. For the 
last 30 days of this 90 day period the male was kept in a cage with a female of 
proven fertility and regular oestrous cycles (p. 172). Beach noted that mating 
occurred post blinding and that "Section of the sensory nerves did not did 
not eliminate or reduce copulatory behaviour as measured in three 
additional tests." (p. 193). Following bulbectomy no copulation was observed 
during the subsequent 90 days when ten tests were given. Beach did note that 
following the final operation, the body weight of the male was below the 
preoperative level for 30 days but that no sexual activity occurred even after 
preoperative body weight had been regained (p. 193). As before, Beach did not 
present any data on copulatory parameters. 
1.8 Discussion 
An examination of the work of Beach (1942a) with regard to the 
copulatory behaviour of sexually inexperienced and experienced male rats 
paired with receptive females, has presented data and arguments which 
suggest that the original formulation of experimental subject representation 
and observed results made by Beach (1942a) is incorrect. Table 1.14 shows the 
manipulations and number of sexually inexperienced copulating males 
presented by Beach (1942a) as well as a reformulation of these results. 
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Table 1.14 A revised view of data for sexually inexperienced males from 
Beach (1942a) 
Inexperienced 
Normal 
Anosmic 
Anaptic 
Blind 
Blind & Anosmic 
Blind & Anaptic 
Anosmic & Anaptic 
Anosmic, Blind, Anaptic 
Beach Reformulation 
N Copulators N Copulators 
12 8 12 8 
4 4 1 0 
4 2 2 1 
5 1 5 1 
2 -· 0 2 0 
2 0 0 0 
2 0 2 0 
2 0 2__ . 0 
Table 1.14 above shows in the first two columns the original number 
of subjects in each condition presented by Beach and the number of 
copulators in that condition. The second two columns show the number of 
subjects and copulators which this study proposes as an alternative 
interpretation. 
In his conclusions about sexually inexperienced males, Beach stated 
"Neither olfaction, vision, nor cutaneous sensitivity in the snout and lips is 
essential to the appearance of copulatory behaviour in the male rat." Cp. 205). 
If we consider olfaction then it has been shown that only one subject in 
· Beach's experiment could be considered to be anosmic and that this male did 
not copulate during it's first pairing with a receptive female. When vision is 
examined, only one subject out of five copulated with a receptive female. 
Removal of cutaneous sensitivity in the snout and lips resulted in one out 
of two males copulating. Arguments have been presented which suggest that 
postoperative compensation may have occurred in males deprived of 
cutaneous sensation. 
In regard to multiple desensitisation, Beach said "Combined 
elimination of any two of the senses studied reduced the probability of 
copulation, and in all our rats without sexual experience mating behaviour 
was prevented by such operation." (p. 205). The table presented above does 
not show any deviation from this statement although it does note that Beach 
did not test for removal of vision and tactile sensation from the snout and 
lips. 
It appears that Beach's assertion that no single sense is necessary for 
the expression of male copulatory behaviour does not hold true. The 
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removal of a single sense does have a profound effect on the expression of 
copulatory behaviour in sexually inexperienced males. 
Beach evaluated the data on sexually experienced male rats and 
concluded "All sexually experienced male rats continued to copulate after 
the elimination of any two of the three sensory receptors investigated." (p. 
205). The data presented for the males is, however, inadequate. No details of 
postoperative testing are presented and where some reduction of copulatory 
performance is note i.e. anosmia no parameters are presented. The data for 
triple removal of senses is based on only one male. One point that Beach did 
not note, was the effect of testing between removal of sensory systems. If an 
experienced male is subjected to loss of a single sensory system then 
examination of copulatory behaviour post-intervention is entirely valid. If, 
however, the animal fias been given sexual experience post intervention 
and then subjected to another sensory loss all that is being examined is the 
effect of a sensory loss on an animal capable of copulation in the absence of a 
single modality. In order to address multiple loss of sensory input in 
experienced male rats the proper course would be to remove two modalities 
and then test. Beach did this with his sexually inexperienced males but did 
not do so in this case. It is argued that Beach was only able to test the effect of 
the removal of a single modality on the copulatory behaviour of sexually 
experienced male rats. 
This review of Beach (1942a) has addressed the two main points 
outlined by him, namely "(1) Are the initial copulatory reactions of the adult 
virgin male rat elicited exclusively by the receptive female of his own 
species? (2) What sensory quality or combination of qualities constitutes a 
stimulus adequate to arouse the mating reactions of the inexperienced 
male?" (Beach, 1942a, p. 164). It has been argued that not only was the data 
presented by Beach inadequate to address the role of sensory systems in 
copulation by males but that the insistence on performance by males with 
various incentive stimuli carried with it the notion of a passive response to 
male copulation on the part of the stimulus. 
Even though no one sensory modality may be absolutely necessary for 
the occurrence of mating, specific modalities may still be contributing to 
sexual responsiveness and the extent of this contribution may vary from one 
modality to another. The experiments in this study are designed to further 
investigate the validity of the multisensory hypothesis as proposed by Beach 
(Beach, 1942a; Beach and Jaynes, 1956) in the control of behaviour. 
Specifically, they address the role of vibrissa! information as mediated via 
the infraorbital branch of the trigeminal nerve. 
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Chapter 2: Four neurological tests to investigate the effects of intramystacial 
injection of lidocaine 
2.1 Introduction 
This chapter will describe three experiments carried out in order to 
determine the effects of intramystacial injection of a local anaesthetic on the 
transmission of sensory information from the perioral area. 
Firstly, four types of information disruption will be considered: a) 
disruption of the nerve by use of surgical lesion; b) removal of the vibrissae 
by clipping with scissors; c) vibrissa! removal by electrodepilation and 
electrocautery; d) chemical blocking by the use of a local anaesthetic. It will be 
argued that the use of a local anaesthetic to provide reversible block of 
sensory transmission is the most suitable method for use in the evaluation 
of vibrissa! role in male sexual behaviour. Secondly, three experiments on 
the effect and duration of intramystacial injection of lidocaine are presented. 
Experiment 1 examines the effects of intramystacial injection of three 
different concentrations of lidocaine (0.25%, 0.5%, 1 %). Duration of 
anaesthesia was evaluated using three measures (vibrissa! movement, 
perioral anapsis, tactile placing) previously employed by other researchers. 
The results of this experiment confirm the findings of previous researchers 
on the effects of intramystacial injection of lidocaine. 
Experiment 2 examines the effects of intramystacial injection of 0.5% 
and 1% lidocaine on perioral tactile sensitivity by administering a tactile 
extinction technique previously used by other researchers as well as 
observations on vibrissa! movement. 
Experiment 3 examines the effects of intramystacial injection of the 
highest concentration of lidocaine (1 %) on the ability of male rats to 
manoeuvre in a complex three-dimensional environment. No differences in 
the behaviour of lidocaine injected males were observed in comparison to 
their saline controls. 
The results of Experiments 1, 2 and 3 will be evaluated. Firstly, it will 
argued that the results of Experiments 1, 2 and 3 show that a concentration of 
1% lidocaine is the most suitable for use in experiments on male sexual 
behaviour. Secondly, an evaluation and comparison of the results of these 
three experiments is carried out with reference to other researchers who 
have investigated the disruption of perioral sensation by injection of 
lidocaine into the infraorbital branch of the trigeminal nerve. It is concluded 
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that the main effect of bilateral injer.tion of lidocaine into the mystacial pads 
at a concentration of 1% is to block sensory information from the vibrissae. 
2.2 An examination of techniques causing disruption of vibrissa} 
information 
In order to examine the effects of loss of vibrissa! information on the 
execution of male copulatory behaviour it is necessary to choose a suitable 
method for disruption of vibrissa! information. The aim of this section is to 
give a brief evaluation of various methods available to the researcher which 
can be used to disrupt vibrissa! information in the infraorbital nerve. 
2.2.1 Surgical lesion 
This traditional method of interfering with nerve fibres was employed 
by Beach (1942a) in his study of the role of mystacial vibrissae in male sexual 
behaviour. However, the use of nerve section requires some recovery time 
post-operatively. 
Most importantly, the time taken between lesion and healing means 
that the animal may learn to compensate for the loss of vibrissa! sensation by 
the utilisation of other cues (Hofer, Fisher, Shair, 1981; Welle and Coover, 
1978; Ziegler and Karten, 1974). Kenyon, Cronin and Keeble (1983) assessed 
the effect of time on the execution of maternal retrieving following bilateral 
section of the infraorbital nerve. Kenyan et al. (1983) found that at 12 hours 
post-lesion one of eight females retrieved pups and at 18 hours seven .out of 
eight females executed the retrieving response. Kenyan et al. also observed 
that animals with infraorbitallesion displayed anapsis of the snout from 
testing at 12 hours post-lesion to sacrifice at four days post-operatively. 
Beach (1942a) tested his male subjects for sexual behaviour from 21 to 
44 days after lesion of the infraorbital nerve. Beach observed that two subjects 
showed regeneration at autopsy and two subjects did not. If the results of 
Kenyan et al. are taken into account it would appear that while Beach may 
have induced anapsis it is entirely possible that Beach's subjects had learned 
to compensate for perioral anapsis. 
This brief review indicates that surgical lesion of the infraorbital 
branch of the trigeminal nerve impairs transmission of information from 
the mystacial area. However, the fairly short time taken for post-operative 
compensation to take place precludes its use in this study. 
2.2.2 Clipping the vibrissae 
Vincent (1912) found that animals with clipped vibrissae had difficulty 
in negotiating a maze. However, precise clipping of vibrissae would be 
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difficult to achieve as, even using clippers, it is possible that very small 
stumps might be left behind in the skin. The mechanoreceptors at the base of 
vibrissae are extremely sensitive and only a very small portion of protruding 
vibrissae might be sufficient to provide information. Finally, when vibrissae 
are clipped, only the follicle lever which acts on mechanoreceptqrs at the 
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base of the hair is removed. It is possible that by pressing the sid~ of the 
snout against surfaces the animal would be able to pick up information about 
the environment. 
Kenyon, Cronin and Keeble (1981) showed that shaving the vibrissae 
of primiparous dams did not interfere with pup retrieval. In research on the 
role of vibrissae in defensive and aggressive behaviour it has also been 
shown that vibrissa! removal does not impair the initiation or maintenance 
of behaviour (Blanchard, Takahashi, Fukunaga, Blanchard, 1977; Bugbee and 
Eichelman, 1972; Thor, 1976). Thor, Ghiselli and Lambelet (1974) found that 
devibrissaed males fought less than controls during shock-elicited fighting 
but were able to compensate for this deficit with repeated trials. 
As animals can compensate for the loss of vibrissae this would suggest 
that the removal of vibrissae is not a suitable method of interfering with 
trigeminal information. 
2.2.3 Electrocautery/depilation of vibrissae 
Electrodepilation has been used in the extirpation of vibrissae in very 
young mice (e.g. Durham and Woolsey, 1984) as has electrocautery in adult 
rats (Thor, 1976). The use of electrocautery or electrodepilation is not 
considered as suitable for removal of vibrissae as the subsequent effects of 
pain and trauma cannot be reliably quantified .. 
2.2.4 Local anaesthesia 
Use of the local anaesthetic lidocaine has been successfully used by 
previous researchers on the role of mystacial vibrissae in various behaviours 
e.g. maternal retrieving (Kenyon, Cronin, Keeble, 1981;1983); shock elicited 
fighting (Thor and Ghisselli 1973; Thor, Ghiselli and Lambelet, 1974); mouse-
killing by rats (Thor and Ghisselli 1975). 
Use of a local anaesthetic provides significant advantages in the 
examination of the role of vibrissae. Firstly, it is rapidly and easily 
administered under brief general anaesthesia. Secondly, rats quickly recover 
from brief anaesthesia. Thirdly onset, offset and duration of loss of tactile 
sensation can be calculated by experiment. Fourthly, once the duration of loss 
of tactile sensation has been calculated it is possible to ensure that 
experimental duration is such that the return of vibrissa! information and its 
effects on the behaviour being examined can be evaluated. 
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2.3 Experiment 1: Effect on perioral tactile sensitivity of different 
concentrations of lidocaine injected into the mystacial pads 
2.3.1 Introduction 
In order to assess the effects of bilateral injection of lidoca_!ne, the 
' following observations were made. Firstly, the presence or abse~ of 
vibrissa! movement was noted. Cessation of vibrissa! movement would be 
expected because of paralysis of the levator Iabii superioris muscle which is 
responsible for the whisking of the vibrissae (Camougis and Takman, 1971). 
Secondly, the presence or absence of perioral anapsis was assessed by 
repeatedly bringing a pencil from behind the subject's head into contact with 
each mystacial pad. Subjects were regarded as anaptic if they tolerated the 
pencil being pressed against the snout and did not orient to, move away 
from, or attempt to bite the pencil. Thirdly, to assess tactile placing subjects 
were held.by the tail and lowered downward to a flat surface (normal 
animals reach forward with their forelegs when the extended vibrissae touch 
surface); they were judged anaptic if their snouts were observed to touch the 
surface. All of these tests have been used previously as reliable indicators of 
the presence or absence of perioral tactile sensation (Kenyon, Cronin, and 
Keeble, 1981; 1983). 
2.3.2 Subjects 
24 male Lister Hooded rats (400-423 g) aged 127 days were individually 
housed in translucent, solid bottomed polypropylene cages (38 x 25 x 18 cm) 
with stainless steel wire lids. Christopher Hills rat chow and tap water were 
available ad libitum. Bedding material (pine shavings) was changed weekly. 
Room temperature was maintained at 22-25° C with humidity at 40-45 RH. 
Clock controlled lighting was on from 0600 to 1800 hours daily. 
2.3.3 Treatments 
Subjects were randomly assigned to one of four treatment groups: 
A: 1% lidocaine, (n = 6): 0.2 ml of 1% lidothesin (lidocaine 
HCl with adrenaline 1:100,000, Lidothesin 
Pharmaceutical Manufacturing Co.),injected bilaterally 
into the mystacial pads. 
B: 0.5% lidocaine, (n = 6), 0.2 ml of 0.5% lidothesin injected 
bilaterally into the mystacial pads. 
C: 0.25% lidocaine, (n = 6). 0.2 ml of 0.25% lidothesin 
injected bilaterally into the mystacial pads. 
D: Saline (n = 6), 0.2 ml of 0.9% physiological saline injected 
bilaterally into the mystacial pads. 
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Order and side of first injection was at random. All injections were 
carried out under brief halothane anaesthesia (May and Barker Ltd., 
Dagenham). Subjects were unconscious for less than .a minute. Time of 
injection of subjects was staggered at 150 second intervals to allow time for 
each of the tests to be administered. 
2.3.4 Procedure ' - r , .... -
Subjects were tested at 15 minute intervals post-injection for the 
presence or absence of vibrissa} paralysis and anapsis, as well as their ability 
to place. The duration of the experiment was 120 minutes and order of 
presentation of tests was at random. All animals were tested in the home 
cage. 
2.3.5 Results 
Table 2.1 shows the results of the neurological tests conducted on 
subjects injected with different doses of lidocaine. It can be seen that vibrissa! 
movement was absent in all subjects for sixty minutes after injection of 
lidocaine in all conditions. In contrast, vibrissa} movement was present in 
all subjects after injection of saline. 
At all doses, lidocaine disrupted tactile placing. The snouts of all 
lidocaine treated subjects were observed to touch the surface when tested 
sixty minutes after lidocaine. This effect was not seen in saline injected males 
which extended their forepaws to contact the table surface. Sixty minutes 
after lidocaine injection, all subjects showed anapsis; they tolerated a pencil 
being placed against their snouts and it was possible to exert sufficient 
pressure with the pencil to deflect the subject's head. In contrast, saline 
injected animals would not allow the pencil to be held against their snouts 
and would orientate to and then move away from, or bite, the stimulus as it 
touched their vibrissae. 
Table 2.1 shows that seventy five minutes after injection, all of the 1% 
lidocaine group displayed paralysis, anapsis, and were unable to place. In 
contrast, 50% of the 0.25% lidocaine group were unable to place and displayed 
vibrissa! paralysis, while 66% of the 0.5% lidocaine group displayed paralysis 
and disruption of placing. At 75 minutes, anapsis was disassociated from 
vibrissa} paralysis and placing in the 0.25% and 0.5% lidocaine groups. In the 
0.25% lidocaine group 33.3% of the subjects were anaptic and 50% displayed 
vibrissa} paralysis. In the 0.5% lidocaine group 83% of the subjects were 
anaptic while 66% displayed vibrissa} paralysis. All of the 1% lidocaine group 
were anaptic at 75 minutes. The results show that all doses produce vibrissal 
paralysis, anapsis and disruption of tactile placing for 75 minutes. However, 
the percentage of subjects showing recovery at this time is dose-dependent. 
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Table 2.1 Results of the neurological examination of the effects of lidocaine 
showing the percentage of subjects with loss of vibrissa! movement, the 
percentage of subjects in which the snout made contact with a flat surface in 
the tactile placing test, the percentage of subjects which failed to orientate, 
move away from, or attempt to bite a pencil brought into contac~ with the 
mystacial pads (anapsis) at 15 minute intervals post-injection. · :,;_ 
VIBRISSAL MOVEMENT LIDOCAINE DOSE 
MINUTES SALINE 0.25% 0.50% 1% 
1 5 0 100 100 100 
30 0 100 100 100 
45 0 100 100 100 
60 0 100 100 100 
75 0 50 66.6 100 
90 0 0 0 0 
1.05 0 0 0 0 
120 0 0 0 0 
TACTILE PLACING LIDOCAINE DOSE 
MINUTES ·SALINE 0.25% 0.50% 1% 
1 5 0 1 00 100 100 
30 0 100 100 1 00 
45 0 100 100 100 
60 0 100 1 00 100 
75 0 50 66.6 100 
90 0 0 0 0 
105 0 0 0 0 
120 0 0 0 0 
ANAPSIS LIDOCAINE DOSE 
MINUTES SALINE 0.25% 0.50% 1% 
1 5 0 1 00 100 100 
30 0 100 100 100 
45 0 100 100 100 
60 0 100 100 100 
75 0 33.3 83.3 100 
90 0 0 0 0 
105 0 0 0 0 
120 0 0 0 0 
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2.3.6 Discussion 
The results of this experiment confirm the results of previous 
researchers that lidocaine injected into mystacial pad renders the snout 
anaptic, as well as abolishing vibrissa! movement and tactile placing. In their 
studies of the role of mystacial vibrissae in maternal retrieving I(~nyon et al. 
used a dose of 0.2 ml of 1% lidocaine with adrenaline (1:100,000};fnjected into 
the vibrissat pads and were able to show that duration of perioral anapsis was 
60 minutes (Kenyan, Cronin, Keeble, 1981;1983). The abolition of whisking 
which follows injection of lidocaine into the mystacial pads is caused by the 
paralysis of the levator labii superioris muscle. The exact correlation of the 
return of tactile placing with the recovery of vibrissal movement is 
extremely interesting. It shows that the ability to move the vibrissae forward 
to touch the surface is extremely important. The observation that. visual cues 
alone are insufficient to enable the rat to respond to its environment is of 
interest and provides support for the contention that vision is not the 
dominant sensory modality in rats. 
This experiment found that when all three measures were evaluated, 
those subjects injected with 0.25% lidocaine showed the greatest percentage 
recovery from perioral anaesthesia at 75 minutes post injection. Those 
subjects injected with 0.5% lidocaine also showed recovery from perioral 
anaesthesia at 75 minutes although to a lesser degree than those males 
injected with 0.25% lidocaine. Males injected with 1% lidocaine showed the 
longest duration of anapsis. The high rate of recovery of perioral sensation 
found at 75 minutes post-injection in males injected with 0.25% lidocaine, 
did not justify the pursuance of this dose as suitable for use in experiments 
on sexual behaviour. 
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2.4 Experiment 2: Effect on perioral sensitivity of different doses of lidocaine 
injected into the mystacial pads 
2.4.1 Introduction 
Experiment 1 showed that the duration of the effects of li<!_ocaine was 
dose dependent. While the tests were a good indicator of the d~tion of 
vibrissa} paralysis and anapsis they did not provide a clear distinCtion in the 
time of cessation of perioral anapsis. The use of a sharp object to determine 
the presence or absence of perioral anapsis is assessing the ability of the 
animal to detect pressure on the skin and below at orie discrete point. It may 
be that there is a disassociation between deep tactile sensibility and the 
sensitivity of the skin or body hairs present on the mystacial pad. In order to 
address this question an existing test for motor asymmetries was ~dapted for 
use in this experiment. 
2.4.2 Description of adhesive paper test 
Schallert, De Ryck and Teitelbaum (1980) have described a simple 
tactile extinction technique for quantifying stimulus-directed motor 
asymmetries. The technique consists of applying adhesive stickers to the side 
of a rat's snout so that the vibrissae are laid flat. The time taken to remove 
these stimuli is measured. In normal rats the stickers are rapidly removed. 
The stimulus-directed movement consists of one or both forepaws being 
rapidly brushed downwards toward the nose, thus removing the stimulus. 
Although normal animals may move their heads slightly laterally and 
downward toward the forepaw to remove the stimulus, a head movement is 
not required and is not often performed. Although Schallert et al. (1980) 
have used this technique to detect and measure asymmetries in rats with 
nigrostriatal damage, this technique could be used to assess the effect of the 
local anaesthetic lidocaine injected into the mystacial pads on the sensitivity 
of the short hairs on the rats snout. 
2.4.3 Evaluation of the adhesive paper test 
Schallert et al. (1980) used adhesive strips 1.9 cm long by 1.4 cm wide 
placed lengthways along the snout approximately 3 cm behind the nose. 
Preliminary trials with normal males revealed that subjects would remove 
the adhesive strips from their face but would not fully remove them from 
the shorter vibrissae at the front of the snout. Therefore, larger adhesive 
strips were placed on the side of the snout so that a greater area of fur was 
covered by the tape. It was found that strips of tape 1.9 cm long by 1.7 cm wide 
placed lengthways along the snout approximately 6 cm behind the nose 
resulted in total removal of the tape by all subjects. 
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2.4.4 Subjects 
18 male Lister Hooded rats (408 - 415 g) aged 127 days. Housing and 
lighting conditions were as described for Experiment 1. 
2.4.5 Treatments 
Subjects were randomly assigned to one of the following treatment 
-groups. . -~-
A: 1% lidocaine, (n = 6): 0.2 ml of 1% lidothesin injected 
bilaterally into the mystacial pads. 
B: 0.5% lidocaine, (n = 6), 0.2 ml of 0.5% lidothesin injected 
bilaterally into the mystacial pads .. 
C: Saline (n = 6), 0.2 ml of 0.9% physiological saline injected 
bilaterally into the mystacial pads. 
Order and side of first injection was at random. All injecti~ns were 
carried out under halothane anaesthesia. Injection times were staggered at 5 
minute intervals to allow for consecutive testing of subjects. 
2.4.5.1 Application of adhesive tape 
Subjects were held firmly behind the head and adhesive stickers (1.9 cm x 1.7 
cm) were applied bilaterally to the mystacial pads pressing the vibrissae 
firmly against the face. Order and side of first application was at random. The 
subjects were released and the time taken to remove the sticker was recorded. 
Subjects were tested at 15 minute intervals with the adhesive paper 
test and for the presence or absence of vibrissal paralysis. The duration of the 
experiment was 120 minutes. Any animal not removing an adhesive 
stimulus after 180 seconds was awarded a score of 180 seconds. Adhesive 
stickers remaining on the subjects face when 180 seconds had elapsed were 
removed by the experimenter. Order of presentation of tests was at random 
and all animals were tested in the home cage. 
2.4.6 Results 
Table 2.2 shows the percentage of subjects displaying vibrissal paralysis 
and removing the adhesive sticker within 180 seconds. No saline injected 
subjects showed vibrissal paralysis and all removed an adhesive sticker 
within 180 seconds during the experiment. 
As in Experiment 1, all subjects injected with lidocaine showed 
vibrissal paralysis until 75 minutes post-injection. The percentage of subjects 
showing recovery from vibrissal paralysis was dose-dependent. At 75 
minutes, all of the 1% group and 16.6% of the 0.5% lidocaine group exhibited 
paralysis. At 90 minutes, no animals in either group displayed vibrissal 
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Table 2.2 Results of the neurological examination of the effects of lidocaine 
showing the percentage of subjects with loss of vibrissa! movement and the 
percentage of subjects which removed adhesive stickers applied to the 
mystacial pads within 180 seconds at 15 minute intervals post-injection. 
LIDOCAINE DOSE ' VIBRISSAL MOVEMENT . ~....--
MINUTES SALINE 0.50% 1% 
15 0 100 100 
30 0 100 100 
45 0 100 100 
60 0 100 100 
75 0 16.6 100 
90 0 0 ·o 
105 0 0 ·o 
120 0 0 0 
ADHESIVE PAPER TEST LIDOCAINE DOSE 
MINUTES SALINE 0.50% 1% 
15 100 0 0 
30 100 0 0 
45 100 0 0 
60 100 100 0 
75 100 100 0 
90 100 100 100 
105 100 100 100 
120 100 100 100 
paralysis. By 90 minutes, all the lidocaine treated rats showed vibrissa! 
movement. Removal of adhesive stickers was dose-dependent. At 60 
minutes all of the 0.5% group removed stickers but none of the 1% group 
removed stickers until 90 minutes post-injection. 
Vibrissa! movement was disassociated from removal of adhesive 
stickers in the 0.5% group. At 60 minutes, all subjects removed stickers but 
still showed vibrissa! paralysis. At 75 minutes, post-injection 16.6% of 
subjects showed vibrissa! paralysis while all subjects removed stickers. 
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2.4.7 Discussion 
The use of the adhesive paper test has shown that even though 
vibrissa! movement may be absent at 60 minutes post-injection in the 0.5% 
lidocaine group, the tactile input from the skin and facial hair may not be 
impaired. The use of 1% lidocaine has shown that return of vib~sal 
movement and removal of stickers oc~r at the same time. This'":fuay reflect 
the greater degree of skin anaesthesia caused by 1% lidocaine. 
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2.5 Experiment 3: An investigation of the effects of lidocaine induced perioral 
anapsis on movement within an experimental environment 
2.5.1 Introduction 
Experiments 1 and 2 have shown that injection of lidocaiR_e into the 
mystacial pads disrupts tactile placing. However, copulation by male rats 
involves more complex motor actions such as orientation to the female and 
the surrounding environment. It can be reasonably argued that ,as a 
consequence of perioral anapsis and loss of vibrissa! information the subject 
will be impaired in orientation to its environment. Additionally, the use of 
tactile placing in assessment of the effects of vibrissal paralysis may not make 
an assessment of the animal's ability to orient in a complex environment. 
Rats with disruption of vibrissa! information have difficulty 
negotiating mazes (Richardson, 1909; Vincent, 1912). Additionally, Beach 
(1942a) reported that males with trigeminal lesions exhibited difficulty in 
orientation to the female during copulation. It is obvious that loss of 
vibrissa! information could produce dysfunction in terms of orientation. 
While maze tasks show that loss of vibrissa! information impairs the 
execution of a learnt task, they do not specifically assess movement in space. 
Use of a visual cliff (Schiffman, 1970) only tells us that an animal uses its 
vibrissae in order to supplement visual information. In order to assess the 
ability of subjects to move around a complex three dimensional 
environment, an existing test situation was utilised. 
2.5.2 Alleyway task 
Schallert, De Ryck and Teitelbaum (1980), reported that animals 
injected with atropine display stereotyped behaviour patterns. They found 
that drugged animals can be 'trapped' at the closed end of an alleyway i.e. the 
animal will engage in rapid, repetitive scanning by the snout up and down 
or side to side along the closed end of the alley for long periods of time. 
Schallert et al. (1980) also reported that, in non-drugged animals that had 
their whiskers clipped, there was a reduction in the distance between the 
animal's snout and the various surfaces. However, these animals were 
reported as displaying considerable non-contact with surfaces e.g. rearing 
with head and forelegs high into the air. 
This brief report was of interest as it raised the possibility that animals 
with reduced input from the vibrissae might take longer to turn around in a 
closed alleyway than normal animals. If alteration of sensory input from the 
snout has an effect on orientation then it was hypothesised that the time 
taken to turn round in a closed alleyway might be a good indicator of the 
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ability of anaptic rats to orientate within their environment. 
The alleyway test involves orientation to an operationally defined 
environment and requires complex motor skills in order that the subject 
may turn within the alley and then exit. If disruption of sensory input from 
the vibrissae results in difficulty of orientation to the enviro~nt this may 
be reflected in disturbance of locomotor activity within the alley,-as well as 
an increase in latency to emerge from the apparatus. A study was carried out 
using male rats order to assess the use of the tunnel test as means of 
detecting deviations in orientation. 
2.5.3 Subjects 
24 male Wistar rats (396 - 423 g) aged 118 days. Housing and lighting 
conditions were as described in Experiment 1. 
2.5.4 Treatments 
Subjects were randomly assigned to the following groups. 
A: 1% lidocaine, (n = 12): 0.2 ml of 1% lidothesin 
injected bilaterally into the mystacial pads. 
B: Saline (n = 12), 0.2 ml of 0.9% physiological saline 
injected bilaterally into the mystacial pads. 
Order and side of injection was at random. All injections were carried 
out under brief halothane anaesthesia. Injection time was staggered at 5 
minute intervals to allow time for consecutive testing of subjects. 
2.5.5 Apparatus 
The apparatus was constructed from 0.5 cm transparent perspex acrylic 
sheet to the same design as that described by Schallert et al. (1980). Parallel 
walls (20 cm high) form an alley (50 cm long) closed by a wall at one end and 
open at the other, the top of the alley has a removable cover. The floor has 
parallel grooves in it that permit the insertion of one wall at a variable 
distance to the other depending on the girth of the animal being tested. 
Preliminary experimentation showed that the l:lehaviour of subjects at 
the end of the alley was subject to variability. Occasionally, subjects would 
stop at the end of the alley and haul themselves over the end wall with their 
forepaws and scan the laboratory. In order to prevent this occurrence, a clear 
perspex sheet was placed on the top of the alley. Further trial observations 
showed that the presence of this cover elicited smooth scan and turn 
behaviour in animals. Accordingly, the perspex sheet was placed over the 
alley in all experimental trials. Preliminary trials with the apparatus also 
showed that the width of the alley did not have to adjusted for each 
individual animal. It was found that the size of animals used only varied by 
a few millimetres. Accordingly, the alley width was only set once for each 
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experimental condition. Based on measurement of animals after the study, 
the width of the alley would be 70-80 mm. 
2.5.6 Method 
Each subject was placed at the open end of the tunnel and the latency 
to walk to the closed end of the alley, turn and place its forepaw§. on the floor 
was recorded. Subjects were tested at 15 minute intervals for the~duration of 
the experiment which was 90 minutes. In order to remove any urine or 
faecal material the alley was washed with a wet sponge soaked in hot water 
after each subject trial and dried with a paper towel. 
2.5.7 Results 
Group differences were analysed using a two-way, repeated measures 
ANOV A after homogeneity of variance in the data was established using the 
Fmax test (Kirk, pp 60, 1968). Figure 2.1 shows the times taken by ~ubjects in 
both conditions to walk to the end of the alley, turn, and place their forepaws 
on the ground. 
No significant differences were found in the time taken to enter the tunnel, 
turn and place the forepaws on the ground between subjects in the saline 
and lidocaine conditions. A two way analysis of variance showed that the 
time taken from entry to complete turn did not alter over time for both the 
saline and lidocaine groups and that there was no difference between the 
groups (F = 2.78, df = 1,110, p> 0.10). 
2.5.8 Discussion 
Even though no differences were observed in the time taken to enter 
and turn in the alley, it is still possible that some kind of impairment was 
present in lidocaine injected animals. The measurement taken might not be 
sufficient to assess the ability of animals to carry out the task in a smooth and 
co-ordinated manner. The following description is the result of visual 
assessment by the experimenter on the behaviour of animals in the alley. 
After walking to the end of the alley the animal will usually pause for 
1-3 seconds and scan the closed end and floor of the alley. The closed end of 
the alley is scanned vertically with the snout in increasing arcs. The animal 
will then raise its front legs and place them on the end wall or side of the 
alley at a height of 5 - 12 cm from the floor while simultaneously throwing 
its body forward onto the front legs. The animal begins to turn, stepping its 
forelegs laterally and downwards towards the rear of the alley with the hind 
legs stepping back. The animal then releases its forelegs from the alley wall 
and places them on the floor one after the other, as it does so leading hind 
leg steps backward and the animals weight shifts to the rear as the torso 
rotates. The animal is now in the posture from which it entered the alley 
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with its head facing the open E:nd of the alleyway. At this point, the animal 
typically begins to walk forward to the open end of the alley. The description 
above applies to the behaviour of both saline and lidocaine injected animals. 
As can be seen, the behaviour is extremely complex. Although precise 
measurements were not taken, no apparent difference in scan ti~e at the 
end of the tunnel was observed for either group. No difficultiesin body 
movement during the turn were observed in lidocaine injected subjects. 
The only observed difference between groups was in the way that the 
lidocaine injected animals moved up the alleyway. Lidocaine injected 
animals proceeded up the alley with their snouts pressed closely to the floor 
of the apparatus. The snout was also placed at the junction of a wall and the 
floor. However, when the end of the alley was reached no difference in scan 
times was observed. It should be noted that the animals did not -seem to press 
their snouts against the end of the alley during scanning or against a wall 
during the turn. When exiting from the alley the snout was again pressed to 
the floor. 
It can of course be argued that the results of this experiment are 
confounded by the lack of independent verification and the use of an 
observational technique. The type of experiment envisaged in order to make 
a formal assessment of any differences between anaptic and normal rats 
would employ grid marks on the walls and floor of the alley and video tapes 
taken from various angles. However, it is difficult to propose what 
advantage would be gained from such rigour. It might well be that close 
analysis of normal animals would show such variation that a sensible 
comparison could not be made. 
If disruption of vibrissa! information has a serious effect on the 
orientation of animals to an environment then it could be reasonably 
assumed that this would display itself in the time taken to execute the alley 
task. However, no gross impairments in the execution of the task were 
observed and no difference in times taken to execute the task were observed. 
Additional observations on the behaviour of anaptic animals during trials of 
sexual behaviour show that anaptic males do not have any discernible 
difficulty in moving around the trial cage. 
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2.6 Discussion of Experiments 1, 2 and 3 
This section will examine the results of Experiments 1, 2 and 3 in two 
different ways. Firstly, the doses of lidocaine used in Experiments 1 and 2 
showed that the duration of perioral anapsis and vibrissa! paral~is was 75 
minutes. Experiments 1 and 2 also showed that a dose of 1% lidbcaine 
showed a clear transition between 75 and 90 minutes in all three measures 
used (paralysis, anapsis, sticker removal). Additionally, the results of 
Experiment 3 show that the ability of animals to .op~rate in a complex 
environment is not impaired by injection of 1% lidocaine into the mystacial 
pads. Evaluation of these results in conjunction with the demand 
characteristics of experiments on sexual behaviour will show that 1%-
lidocaine is suitable for use in an evaluation of the role of perior<U tactile 
sensation. 
Secondly, Experiments 1 and 2 showed the temporal resolution of the 
duration of lidocaine induced anapsis and vibrissa! paralysis. These findings 
are compared and evaluated with the findings of other researchers who have 
observed the effects of lidocaine injection on transmission of sensory 
information. Using the presented information it will be argued that when 
lidocaine is injected into the mystacial pad its main effect is to block the 
transmission of mechanoreceptive information disseminated via the 
infraorbital nerve. 
2.6.1 Evaluation of Experiments 1, 2 and 3 
Experiments 1 and 2 have shown that the duration of the effects of 
0.25%, 0.5% and 1% lidocaine is 75 minutes. They have also shown that the 
percentage of subjects showing recovery at this time is dose-dependent. At 75 
minutes (using measures of anapsis, placing, vibrissa! paralysis) 0.25% 
lidocaine shows the greatest number of subjects recovering followed by 0.5% 
lidocaine. The adhesive paper test (Experiment 2) has shown that even 
though vibrissa! movement may be absent at 60 minutes in the 0.5% group, 
all subjects remove stickers. 
In both experiments the 1% lidocaine groups show a clear transition in 
recovery from injection of lidocaine; subjects show disruption of tactile input 
at 75 minutes with all subjects showing recovery at 90 minut~s. Use of 
lidocaine in the study of male rat copulation requires a dose that produces a 
clear-cut distinction between presence and absence of perioral anapsis to aid 
interpretation of effects observed. From the results of Experiments 1 and 2 it 
would seem that 1% lidocaine fulfils this criterion. It might be argued that if 
animals were tested at shorter intervals, the distinction between disruption 
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and recovery might not be so clear i.e. recovery of function might be spread 
over the 15 minute interval between 75 and 90 minutes. However, if 1% 
lidocaine injected animals do show a recovery of function over a 15 minute 
period, this recovery period is shorter than the 30 minute overall transition 
time for full recovery from lidocaine for the 0.25% and 0.5% groups (90 
minutes- 60 minutes= 30 minutes). .... -·-
Experiment 3 showed that injection of 1% lidocaine caused no 
difference in times of subjects to enter the alley and turn inside it. 
Experimental observations could find no apparent differences in the way in 
which animals executed the complex motor action at the end of the alley. 
While these actions do not mimic the characteristics of male sexual 
behaviour they do provide information on the ability of subjects to move 
without impairment. 
In summary it can be seen that 1% lidocaine provides a clear cut 
distinction between the presence and absence of perioral anapsis as well as 
not interfering with movement. On the basis of these observations it was 
decided that the use of a dose of 1% lidocaine was suitable in this study of 
male sexual behaviour. 
2.6.2 Neurological effects of lidocaine 
In their studies on the pharmokinetics of lidocaine; Fink, Aasheim, 
Kish and Crowley (1975) devised a palatal jig which allowed them to inject 
lidocaine directly into the infraorbital fissure of male rats. As a measure of 
presence or absence of anapsis, Fink et al. used noxious stimulation applied 
by pinching the upper lip with forceps. These methods were used in studies 
which examined the duration of sensory blockade using injections of 0.2 ml 
of 1% lidocaine. The mean values of sensory block reported in three separate 
experiments are: 96 ± 18 minutes, 78.9 ± 9 minutes and 47 ± 10 minutes (Fink, 
Aasheim, Kish and Crowley, 1975; Fink, Aasheim and Levy, 1978; Ready and 
Fink, 1980). It can be seen from these results that even what appears to be an 
accurate method of needle placement, can produce a wide spread of duration 
of anaesthesia using lidocaine without adrenaline. 
However, experiments in this particular study have involved the injection 
of 0.2 ml of 1% lidocaine mixed with adrenaline (1:100,000). Adrenaline is 
generally considered to prolong the duration and intensity of local 
anaesthetic nerve block by producing vasoconstriction locally and so 
inhibiting absorption of the anaesthetic agent from the site of injection (Fink, 
et al., 1975). 
Fink, Aasheim and Levy (1978) using the same methods described above 
tested at 10 minute intervals to examine the time course of lidocaine induced 
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local anaesthesia using different concentrations of adrenaline. Fink et al. 
used 1% lidocaine mixed with adrenaline in concentrations of 1:50,000, 
1:100,000, 1:200,000, and 1:400,000, and found that duration of sensory block 
was inversely proportional to the log of the adrenaline concentration. Their 
results for 1% lidocaine and adrenaline (1:100i000,) are of particUlar interest 
as they found a mean conduction block of 120 minutes. ..... --
In summary, the information presented above shows mean values of 
perioral anapsis using lidocaine on its own ranging from 42 to 96 minutes 
and a duration of 160 minutes when 1% lidocaine was mixed with 
adrenaline of the same concentration as used in this study. Nonetheless, it 
can be seen that 1% lidocaine mixed with 1:100,000 adrenaline does 
effectively prolong_ the d_ura!:!_on of ~psis caused by lidocaine.-
Experiments 1 and 2 showed that duration of anapsis as-measured by 
all tests showed a clear cut distinction in response ·at 75 and 90 minutes. The 
differences between data gathered for this study and that described above 
(and the variation within that data) can be explained quite easily. 
Firstly, even though occasional misplacement injection does occur 
(Fink, Aasheim, Kish and Crowley, 1975) the rigorous criterion of presence of 
sensory block used by these researchers (perioral anapsis present 1 minute 
post-injection) means that when penetration did take place it was correct. 
This precise placement would increase the duration of sensory block. 
Additionally, injection of lidocaine into the mystacial pad results in the 
'bathing' of fibres innervating the vibrissae rather than the precise injection 
into the infraorbital nerve used by Fink et al. (1975). 
Secondly, we have seen that addition of adrenaline significantly 
increases the duration of local anaesthesia in the perioral region. The time 
course of impairment observed in this study was much less than that 
reported by Fink et al. (1978). As noted above, precise placement would 
account for a longer effect duration. 
Thirdly, all experiments on male pre- and copulatory behaviour 
involved injection of lidocaine with a penetration that put the needle point 
at the centre of the mystacial pad. The mystacial pad is highly vascularised 
and Patrizzi and Munger (1966) have suggested that the vascular nature of 
th~ vibrissal pad may also serve as a method of enhancing the removal of 
debris from the blood. It may be that the shorter duration of sensory block 
reported in this study is due to a higher rate of disappearance of drug from 
the nerve by uptake into the blood stream than that of Fink et al. (1978). 
Fourthly, it might be argued that uptake of drug by the bloodstream is 
not responsible for decline of sensory blockade and that decline is due to local 
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metabolism of lidocaine and adrenaline. The use of thin-layer 
chromatography has shown that this is not the case (Fink, Aasheim and 
Levy, 1978). It must be noted that as adrenaline concentration decreases the 
uptake of lidocaine should become correspondingly higher. But, if it is being 
removed at the same rate as adrenaline by the blood stream then we should 
expect a linear curve and this what Fink et al. (1978) found. · · ~ 
2.7 Summary 
Firstly, the use of 1% lidocaine in the induction of perioral ana psis has 
shown that it does not impair the ability of subjects to perform a complex 
motor response. _The use oft% lidocaine provides- a clear distinction between 
onset and offset of ana psis. Additionally, the duration of the effeds of 1% 
lidocaine (90 minutes) is suitable for use in experiments on male sexual 
behaviour- as it allows ample time for initiation of copulation and the 
expression of at least several ejaculatory series. 
Secondly, evaluation of the results of other researchers coupled with 
anatomical information shows that the main effect of 1'Yo lidocaine with 
adrenaline (1:000,000) is to block the transmission of mechanoreceptive 
information from the vibrissal pads. 
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Chapter 3: Experimental design 
3.1 Introduction 
. -
This chapter is concerned with the experimental strategy ·utilised in 
studies of the copulatory behaviour of sexually naive male rats. Firstly, a 
description of male copulatory behaviour is presented. The operational 
criteria for identification of male behaviours in this study as well as the use 
of video tape recordings and playback techniques are described. It is noted 
that the use of off line recording and analysis techniques makes possible the 
identification of- behaviours with an accuracy not possible in real time 
observation. Observations made during these experiments revealed that 
male copulatory behaviour does not conform to the stereotypic patterns 
described in the literature. It is suggested that the lack of identification of 
these subtle variations is due to the use of real time recording techniques. 
The observation is made that lack of identification of subtle behavioural 
movements can lead to an interpretation of male sexual behaviour which 
does not fully describe the delicate nature of this process. 
Secondly, the number of measures which are calculated from male 
behaviour varies from study to study. Using specially written software, this 
study used a compilation of measures culled from work by other researchers. 
A description of the measures calculated is given. 
Thirdly, preliminary experimentation during the first year of study 
showed that the reliable elicitation of sexual behaviour by male rats was not 
as simple as the literature suggested. A brief review of the phenomenon of 
persistent noncopulation is presented. It is suggested that while investigators 
are able to correctly identify hormonal factors involved in persistent 
noncopulation by male rats, the interpretation of these findings do not take 
into account modes of rearing. The suggestion is made that reports of 
persistent noncopulation by male rats is, in part, due to the mode of rearing 
employed. A description of some of the problems encountered and the 
subsequent experimental strategy employed to elicit reliable copulation, is 
given. It appears that rearing males in a controlled environment is extremely 
important if a stable behavioural baseline is to be achieved. A description of 
rearing conditions used in this study is given. 
Fourthly, the use of female precopulatory behaviour as an 
experimental variable is considered. It is suggested that the behaviour 
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emitted by the female has not been sufficiently emphao;ised in the study of 
male sexual behaviour. A behavioural taxonomy of female precopulatory 
behaviour is presented. The ability to use female behaviour as an 
experimental variable adds new rigour to the determination of male sexual 
behaviour. 
The methods used to induce females to display different levels of 
precopulatory behaviour are described. This will show that the elicitation of 
female types displaying the highest levels of precopulatory behaviour 
(hopping, darting) is not tightly coupled with hormone levels. This finding 
made a major contribution to the length of the study. The procedure and 
hormonal regime used to induce female type is described, as is the training 
procedure to ensure sexual experience. 
An evaluation of the cage size used in these experiments··in the 
determination of female type is given. It is shown that the use of a test 
apparatus· which is smaller than that usually used by other researchers 
presents no problems in female identification. 
An introduction is made to the concept of the interactive nature of 
sexual behaviour. It is suggested that, within the experimental environment 
the female is able to control the expression of specific male behavioural 
patterns. 
The compact cage size used in the present experiments has significant 
advantages in the collection of pre- and copulatory events using video 
cameras. Mode of movement of the female is such that the males behaviour 
patterns are usually presented on the longitudinal axis. This allows such 
clear visualisation of male behaviour that in many cases penis 
insertion/non-insertion can be seen. Additionally, 'flaring' of the penile tip 
was also observed. It has been suggested that this cup shape at the end of the 
penis during ejaculation has the effect of delivering a bolus of sperm thus 
aiding successful impregnation (Hart and Melese-D'Hospital, 1983). 
Fifthly, the strategy used to overcome difficulty in hormonal 
elicitation of female type, and the need to test males within a specific age 
range is described. The rejection of subjects led to more subjects than are 
reported in this study being used. A gross estimate of subject numbers is 
given and the number of subjects used in this study is presented. 
Sixthly, the process by which the duration of experimental session(s) 
used in this study was determined is presented. A review of those strategies 
commonly employed by other researchers is presented. It is argued that the 
criteria for determination of session length are not only unable to capture 
sufficient data for analysis but are also based on assumptions which are 
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dependent on the use of real time recording. The use of video can overcome 
constraints on the choice of experimental session length. 
A description of the experimental session length used in this study is 
given. It is argued that the choice made enables the gathering of sufficient 
data to compare the behaviour of males in any of the experimental 
conditions with data gathered by other researchers. · · · - -
Finally, the temporal sequence of the experimental procedure used 
throughout this study is described. 
3.2 Description of male sexual behaviour 
When a male rat with previous copulatory experience and· a receptive 
female are placed together in a small enclosure the male norma1ty begins the 
preliminaries which lead to copulation. This precopulatory behaviour 
involves nuzzling and anogenital sniffing as well as crawling over and 
under the female. This stimulation produces a lordosis response in the 
receptive female. The male may then move behind the female and mount 
her; he grasps her flanks with his forelegs and begins a series of rapid, 
shallow, pelvic thrusting movements. At this point two possibilities arise: 
either he will penetrate the female or he will not. If after several rapid 
thrusts he fails to penetrate, he dismounts by pushing rather slowly and 
turning at a slight angle to the female (this is called a mount). But if 
penetration occurs, the male makes a single deep thrust and immediately 
thereafter pushes vigorously up and away from the female (this is called an 
intromission). Under normal conditions the duration of penile insertion 
during the single deep thrust is between 2 and 3 tenths of a second (Diakow, 
1975). The energetic, almost acrobatic dismount following the single deep 
thrust is one of the most consistent features of copulatory performance. 
Unless special observational or electronic methods of detection are used 
(Bermant, Anderson and Parkinson, 1969), the form of this dismount is the 
only reliable indication that the male has achieved intromission. 
After his initial intromission the male withdraws from the female 
and engages in genital grooming and other non-copulatory behaviours for 
approximately 20 to 60 seconds. Then he approaches the female and either 
mounts or achieves another intromission. This pattern of brief copulatory 
responses separated by relatively long periods of inactivity usually continues 
until the male has achieved between 8 to 15 intromissions. 
Now, after mounting and penetrating, the male does not throw 
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himself off, but thrusts deeply as many as 5 times. The last of these thrusts is 
accompanied by a spasm of the male's hindquarters at the moment of deepest 
penetration. Only now does he ejaculate. For a few seconds following the 
ejaculation, the male clutches his partner. This time the male dismounts 
very slowly, usually within 5 seconds of the ejaculation. 
Following ejaculation, the male does not approach the female for 
about 5 minutes (5 to 10 times longer than after each of his previous brief 
penetrations). Then the male mounts again to achieve an intromission and 
begins his second ejaculatory series. In this series the male makes fewer 
mounts and intromissions and ejaculates sooner than in the first series. 
If the male is allowed to remain with the same female for several 
hours, he may ejaculate 5 times or more (Bermant, 1967). However the 
period of time between an ejaculation and the next intromission-(the post-
ejaculatory interval) increases in length, suggesting that the male is 
becoming-tired. However, physical fatigue is only partially responsible for 
this waning of copulatory activity. Because males that have copulated to a 
criterion of exhaustion (30 minutes without the occurrence of a mount or 
intromission) will restart the copulatory sequence if presented with a new 
female (Fisher, 1962). This finding suggests that the male does not simply 
exhaust himself with only one female. Instead he becomes progressively 
more disinterested in the stimuli she provides, until they no longer elicit his 
copulatory behaviour. 
3.3 Use of video cameras and computers to record and analyse the sexual 
behaviour of laboratory rats 
3.3.1 Introduction 
This section will deal with the application of technology video 
cameras and computers to the study of sexual behaviour in rodents. 
Firstly, a review of contemporary methods of recording male sexual 
behaviour will be presented. It will be argued that these systems are unable to 
supply the required flexibility in identification and analysis of behaviours 
required by this study. 
Secondly, on the basis of experimental investigation it will be shown 
that the use of real time recording techniques by one or more observers is not 
suitable for the collection of events during copulation by males. It is argued 
that the use of off line data collection using video tape recordings of 
experimental sessions can overcome problems in: (a) data identification (b) 
accuracy (c) allocation of subjects to experimental conditions. 
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Tbrdly, a description of the video recording techniques used in this 
study will be given. An introduction to the use of a novel apparatus to record 
experimental data will be presented. 
Fourthly, during the initial phases of this study computer programs 
were written to record and analyse male sexual behaviour. A brief 
description of these minicomputer and mainframe programs is-:given. These 
programs were abandoned due to problems with real time recording and the 
termination of appropriate mainframe computer resources at the test site. 
Fifthly, because of the insurmountable problems caused by the 
inadequacy of mainframe facilities at the research site it was decided to create 
a laboratory based data collection and analysis system. A description is given 
of the microcomputer based data collection package iL~BMATE) wl:Uch was 
written in order to allow both real time and off line data collection and 
manipulation. LABMA TE has been published as a public domain software 
suite which is free to all educational establishments. This package was used 
to collect all data presented in this study. 
Sixthly, in order to provide an analysis of male sexual behaviour 
using the data format provided by LABMATE a microcomputer based 
analysis program was written. MIDAS (Mount Intromission Desktop 
Analysis System) is able to analyse data in LABMATE format and calculate 15 
measures of male sexual behaviour. MIDAS has been published as public 
domain software and is available in 3 computer languages (BBC BASIC, 
MICROSOFT BASIC, PASCAL) which allows it to run on micro- mini and 
mainframe computers. MIDAS was used to analyse all data presented in this 
study. Finally, it is argued that the prevalent use of old technology and real 
time analysis of the sexual dyad is potentially inaccurate and wasteful of data 
and resources. 
3.3.2 Recording and analysing male sexual behaviour 
Recording sexual behaviour in rodents has, until recently, required 
methods that are not capable of easily recording the time at which the event 
occurred, and which rely on cumbersome methods of data transcription. 
The typical experimental situation consists of one or more arenas. The 
observer records data on a Rustrak type data recorder which has keys 
designating discrete events. Key presses move pens over a paper roll which 
unwinds at a predetermined speed. Transcription of these events into their 
temporal sequence is both tedious and prone to error. Alternatively, a stop-
watch or clock can be used to record the time at which events occur, and the 
observer writes these figures on a sheet of paper. However, events may be 
missed using this approach. 
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Within the last few years a limited number of researchers have used 
micro and mini computers to record and analyse sexual behaviour (e.g. Leu, 
Hendricks, 1980; Rackerd, Brigham, Oemens, 1985). None of these systems 
however, is capable of being used for the analysis of many different kinds of 
events as well as sexual behaviour. Additionally, these systems can only 
provide 6 measures of male sexual behaviour. 
The present study of sexual behaviour required not only that the 
precise moment at which the behaviour occurred be recorded, but also that 
the correct identification of the event be p<}ssible. Additionally, identification 
and analysis of behaviours other than those of male copulatory behaviour 
(i.e. male precopulatory behaviour, female precopulatory behaviour, female 
copulatory behaviour) must be carried out in order to fully examine the 
dynamic interplay of the sexual dyad. It was also possible that behaviours and 
interactions not envisaged at the beginning of the study might need to be 
investigated and recorded. Finally, once data has been gathered it must be 
evaluated and subjected to statistical analysis in order to observe if 
differences occur both between and within subjects during the expression or 
nonexpression of copulatory behaviour. 
As mentioned above, none of the existing computer based systems are 
suitable for this study. It was necessary therefore, to devise and implement a 
new method of data collection and verification that would satisfy these 
requirements. For further discussion of the points outlined above see 
Malinek (1985; 1986; 1987a,b,c; 1988). 
3.3.3 Real time data recording 
When data collection began in the laboratory it soon became apparent 
that recording behaviour in real time was impractical. Firstly, it was 
extremely difficult to verify if the behaviour scored was correctly identified. 
This would have serious repercussions upon the validity of any analysis 
obtained. For example; if mounts were incorrectly scored as intromissions it 
might appear that the male was retarded in his ability to achieve ejaculation. 
On the other hand if intromissions were scored as mounts, then the data 
would suggest that the male was impaired in his ability to achieve 
intromission but that the ejaculation latency was of the correct duration 
(Dewsbury, 1975b). If mounts, intromissions and ejaculations were 
incorrectly scored then the animals copulatory sequence would appear to be 
distorted. Also, the use of laboratory clocks as a means of identifying the time 
of the event meant that precise timing was not possible. Additionally, the 
time taken to write down a behaviour and the time at which it occurred 
meant that subsequent behaviours could be missed. 
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Preliminary experiments showed that when 2 observers scored the 
sexual behaviour of males they might agree that an event had occurred but 
the classification was often incorrect. In one pilot study 2 observers scored the 
sexual behaviour of 6 sexually experienced males but were unable to 
differentiate between mounts and intromissions; they scored over 96% of the 
behaviours exhibited as intromissions. They were also unable to -correctly 
identify ejaculations; these were only apparent when the latencies were 
examined. 
Real time recording also causes insurmountable problems in the 
collection of behaviours other than those of male copulation. Some of the 
precopulatory behaviour of the female (e.g. hop, dart) is over in less than a 
second and is difficult to identify correctly. Also, if measurements other than 
copulatory behaviour are to be taken, many replications must be.run in order 
to gather a full analysis of sexual behaviour. e.g. male copulatory behaviour 
with 6 different female types would require 144 subjects, male precopulatory 
behaviour with 6 female types another 144 subjects, female copulatory 
behaviour another 144 subjects etc. This poses problems not only in the 
number of subjects that must be run in a small laboratory with limited 
animal holding facilities but also in the interpretation of variability in data 
gathered over such a large range of subjects. In order to overcome these 
difficulties it was decided to video experimental sessions and score them for 
a number of behaviours at a later period. 
3.3.4 Video recording of experimental sessions 
Video recording of experimental sessions was begun using a Sony 
portable video recorder. The recorder was positioned in front of an arena and 
the lighting was provided by 100 watt red bulbs held in retort stands and 
clamps. However, this arrangement proved unsuitable because in warm 
weather the bulbs (which were designed for use in lamps for lighting outside 
gardens) raised the temperature inside the cage to over 61 degrees Celsius 
even when an electric fan was directed towards it. In addition, only three 
subjects could be analysed each week at maximum, and the recorder was 
used by other staff or students, thus restricting the scope of the study. 
The provision of funding to the laboratory in 1984 provided the 
money to purchase equipment that allowed the building of a novel 
apparatus. The apparatus consisted of 8 observational cages supported on a 
framework of tables and tubing. 
3.3.5 Observational cages 
The apparatus, constructed from 0.5 cm thick transparent acrylic sheet 
was 48 cm long, 21 cm wide and 21 cm high. The front wall of each chamber 
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was constructed as a hinged drop-down door with magnetic fixings. The floor 
consisted of a removable transparent acrylic sheet laid on 35 stainless steel (3 
mm diameter) bars. The end and back walls were painted in semi-opaque 
dark red. The top of each test chamber was pierced with holes to allow 
ventilation and avoid an unacceptable rise in heat when the lights were 
switched on (temperature rise= 1 degree Celsius in three hours).-
Lighting was provided by fluorescent tubes covered with red filter gel 
(Primary red No. 106, Lee Filters, ~dover, England) providing a low light 
intensity (70 lux). Facing the apparatus were four video cameras supported 
on a frame made from scrap metal bars. Each of the cameras had 2 
observational arenas in focus. Video cameras (Panasonic WVP-200E) were 
chosen which were able to respond at low lighting_l_evels and~l1ich ha.d 
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good control of red/ green image reception. The use of this colour. control 
enabled the production of a final image in which the majority of red light 
was removed thus giving an adequate colour image as well as a bright 
representation in black and white. 
Each camera was attached to a video recorder (Panasonic, NN-370). 
Additionally, switch boxes and cable structures were made which allowed the 
image being received from each camera to be monitored from outside the 
laboratory. This enabled the progress of experiments to be observed without 
the presence of the experimenter in the room. 
The image supplied of each cage while small was suitable for analysis 
if films were scrutinised carefully with the observer taking frequent breaks to 
avoid fatigue. Each camera had an overlay facility which superimposed a 
time display in minutes, seconds and hundredths of a second on the tape 
during an experimental session. The timer overlay on video tapes of 
experimental sessions allowed freeze-frame and slow motion facilities to be 
used during playback to record the occurrence of a behaviour with an 
accuracy of one hundredth of a second. 
Use of video replay facilities also allows correct identification of 
events. The collection of data with a temporal resolution of one hundredth 
of a second allows the analysis of male sexual behaviour to be carried out 
with a precision that has not been possible in previous studies. 
3.3.6 Computer based collection of observational data 
The collection and analysis of behavioural data by computer is a recent 
phenomenon. A suite of programs suitable for the collection of temporal 
data (in real time) using a Research Machines 380Z computer was written 
which allowed the observer(s) to score designated temporal events from up 
to 4 arenas during an experimental session (Kenyon, Malinek, and Morris, 
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1985). An additional suite of programs written as a MINITAB macro allowed 
the analysis of male sexual behaviour data on a mainframe computer 
(Kenyon and Malinek, 1985). 
While the suite of MINITAB macros MRSB (Male Rat Sexual 
Behaviour) was able to produce 6 measures of male sexual behaviour as well 
as appropriate graphics (from 4 arenas) there were problems assoGiated with 
its use. Firstly, MRSB required large amounts of mainframe core memory 
and had to be run at nights or at weekends in order to ensure its successful 
completion. Secondly, the implementation of new remote links on the 
PRIME mainframe computer in 1985 rendered it impossible to pass data from 
the 380Z computer for analysis. Finally, in 1985 a new version of MINITAB 
was implemented on the PRIME mainframe and it was found that this 
version would not support the program Written to analyse male sexual 
behaviour. Indeed, the macro revealed a fatal error in the new version of 
MINITAB_. 
While these computer programs provided a major step forward in the 
collection and analysis of data they did not provide an ideal solution. The 
problems of real time data collection mentioned previously required a 
system that would allow both real time data recording, and the entry of 
timed occurrences of different behaviours from video tape in a format that 
was suitable for computer analysis. The terminal (sic) problems with the 
transfer and analysis of data on the Polytechnic mainframe were also 
important factors in the discontinuation of this experimental strategy. 
3.3.6.1 LAB MATE: an all purpose data collection system 
The following section, which gives a brief outline of the system, is 
taken from Malinek (1986). Reference can be made to the appropriate papers 
for a full description of the system. 
"The concept underlying the creation of LABMATE has been to design 
a system allowing a user unfamiliar with computers to collect temporal data 
with an accompanying description without having to learn the operating 
system commands of the BBC microcomputer. Extensive use of menus and 
prompts allows the user to control all aspects of data collection and a 'HELP' 
menu allows the user to familiarise themselves with the system before 
collecting data. 
A further consideration was the use of the unique characteristics of the 
BASIC implemented on the BBC microcomputer which allows variable 
names of over 200 characters long to be used. It was thus possible to write 
programs using literal variables so that the operation of each program is 
reasonably self evident. Consequently many of the procedures used within 
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LABMATE can be incorporated into bespoke user ro•Jtines. 
The temporal resolution of LA BMA TE is to one 25th of a second and 
up to 500 data points can be gathered in a real time situation using a key pad 
connected to the microcomputer. The key pad is connected to the user port of 
the BBC and has 16 keys of which 15 can be defined by selecting an option 
from the main menu. Data can also be entered from the computer keyboard 
allowing complete control over correct identification of events and accuracy 
to one 100th of a second. Temporal events are identified by user defined 
number codes ranging from 1 to 9998. 
LABMATE offers a 'total environment' with automatic management 
and housekeeping of discs and data files created using the system. Files with 
the prefix DATA and a numerical suffix are created in ascending order giving 
31 files on each drive with a maximum of 93 files if using a dual disc drive. 
File numbering is automatic although the user may designate a numerical 
suffix of choice at any time. Data files created with LA,BMATE may be 
concatenated, edited, deleted, renumbered, viewed, printed, from within the 
system. LAB MATE also allows the user to create or edit data files using the 
WORDWISE and VIEW word processors available for the BBC 
microcomputer. The structure of the data files created is simple and easily 
accessible from BASIC so that the more sophisticated user can access data files 
for analysis and manipulation. 
LA BMA TE is written for use with a BBC B microcomputer (32K, 
BASIC 1.2) equipped with single or dual, double sided 80 track disc drives 
using the standard (DFS) or 6502 second processor (DNFS) disc filing system. 
Any 'EPSON' compatible parallel printer may be used with the system." 
NOTE: Subsequent development has extended the capabilities of the 
LABMA TE package by giving compatibility with the BBC Master series as 
well as the addition of another key pad (CONCEPT) which is widely used in 
education." 
3.3.6.2 Use of LABMATE in this study 
All data on male sexual behaviour was gathered from video tape 
using one of the LA BMA TE facilities which allowed a temporal resolution of 
one hundredth of a second to be recorded. The flexibility of LABMATE 
allowed it to be used for recording female and male precopulatory 
behaviours as well as male copulatory behaviour in the experimental 
session. The ability of LABMATE to convert data for transfer to a mainframe 
computer enabled the manipulation and subsequent statistical analysis of 
data gathered via the system using existing mainframe packages (i.e. 
MINITAB). 
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3.3.6.3 MIDAS: Computer based analysis of male sexual behaviour 
MIDAS was used to calculate 13 measures of male sexual behaviour. 
The choice of measures to be included in MIDAS was based on a review of 
the literature on male sexual behaviour which showed that these measures 
were often used in small number combinations (e.g. 6) but never all together. 
It was decided to incorporate these measures on the premise that -it is useful 
to have many statistics available for an evaluation of experimental results. 
The speed and efficiency of the algoritluns was a distinct 
improvement upon the mainframe analysis (MRSB) described previously. A 
typical run time for the mainframe system which calculated 6 measures 
would be 15 minutes while MIDAS was able to calculate 15 measures in 25 
seconds and print them in 2 minutes. 
MID AS exists as a complete system offering extensive file. 
manipulation and data editing facilities based upon those of LA BMA TE. The 
algorithms for calculation of 15 measures of male sexual behaviour have 
also been converted into Microsoft standard BASIC which will run on any 
computer with BASIC as an operating language and into ISO standard 
PASCAL which will also run on micro, mini and mainframe computers. For 
a full description of MIDAS reference can be made to Malinek (1988). 
3.3.7 Summary 
We have seen that the use of real time recording techniques is not 
only potentially inaccurate but extremely time consuming in terms of data 
transcription. In addition, the use of real time recording is extremely 
wasteful in terms of the restricted number of behaviours which can be 
recorded. In order to assess various interactional effects real time recording 
requires that an extremely large number of subjects must be run. This leads 
to problems in variability of subject populations as well as the comparison of 
interactional events across experimental sequences. 
It could be argued that the continuing use of real time recording in the 
analysis of the sexual dyad is both inaccurate and potentially dangerous. Not 
only in terms of data validation and qualification but in the interpretation of 
the effects (or otherwise) of the administration of pharmacological 
compounds to experimental animals. 
The use of large numbers of subjects is costly, particularly in an 
academic environment, and is becoming increasingly difficult to justify on 
ethical grounds. Application of off line video recording techniques and 
specifically designed computer software is able to provide accuracy and 
control in the analysis of male sexual behaviour. It is suggested that as this 
technology is both available and relatively cheap the continuing use of real 
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time recording techniques by researchers can only be described as an outdated 
anachronism. 
3.4 The elicitation, identification and description of the temporal 
characteristics of male rat sexual behaviour 
Use of video tapes with a timer overlay accurate to one hundredth of a 
second gave the opportunity to collect data with a high degree of temporal 
precision. The scoring method used consisted of using a fast forward view 
mode on the video recorder until an event was noted. The video was then 
rewound to a point just before the behaviour occurred. At this point the 
video was viewedin slow motion mode at-four hundredth-of a second-frame 
jumps. This slow motion viewing allowed the correct identification of a 
behaviour. 
Once the behaviour had been identified (i.e. m~unt, intromission or 
ejaculation) the tape was then rewound to just before the male mounted the 
female and the recorder was switched into still frame mode. Use of a still 
advance facility allowed the movement of the animal to be viewed in frames 
one hundredth of a second apart. Use of this facility allowed the scoring of 
behavioural events to an accuracy of one hundredth of a second. 
3.4.1 Operational criteria for behavioural occurrence 
The following operational criteria were employed throughout the 
study to identify the time at which a behavioural event occurred: 
3.4.1.1 Mount 
The point at which maximum pelvic thrust was exhibited by the male. 
Even though a male might not intromit it could be clearly seen (on most 
occasions) that a point occurred where the forward pelvic movement ceased 
and the pelvis began to move backwards. Therefore, the point of 
measurement taken was at the first video frame showing pelvic retraction. 
When pelvic retraction was not clear to the observer the video was rewound 
and the operation repeated until pelvic retraction was clearly identified. 
3.4.1.2 Intromission 
Same method as mounts. 
3.4.1.3 Ejaculation 
The method of identifying the behavioural occurrence was the same 
as for mounts and intromissions although the time of occurrence criterion 
was different. Preliminary freeze frame analysis showed that male 
ejaculation was accompanied by repeated pelvic thrusts and what are best 
described as 'pelvic quivers'. The assumption was made that these pelvic 
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quivers were the behavioural accompaniment to ejaculation. Accordingly, 
an ejaculation was scored at either the point of maximum thrust if no clear 
indication of pelvic quiver was discernible or at the occurrence of the first 
pelvic quiver. 
3.4.2 Experimental observations 
-
The description of 'classic' behaviour patterns by researchers (i.e. rapid 
backward step after intromission) were of some assistance in the 
identification of copulatory events. However, these 'classic' patterns were 
certainly not the norm in this study. On many occasions difficulty was 
experienced in differentiating between mounts and intromissions. The 
criteria of a rapid dismount after intromission did not hold up in a great 
-number of copulatory events. Differentiation between mounts and 
intromissions could not be made on the vigour of pelvic thrust because an 
intromission was often less vigorous (in terms of pelvic thrust) than a 
mount. 
Often, the only way in which to distinguish between a mount and an 
intromission was to scrutinise the video frame very carefully and ascertain if 
the penis of the male was erect during the mount. It was also possible to see 
if the male had inserted his penis by still frame analysis. This method often 
showed that what appeared to be a mount was in fact an intromission as the 
penis could be seen during withdrawal. On certain occasions what is best 
described as a 'string' of mucous which stretched from penis end to the 
females vagina indicated successful intromission. 
One additional method used to differentiate between mounts and 
intromissioris was the behaviour of the female following a mount by the 
male. Diakow (1975) found that when receptive females received a mount 
with intromission the lordotic posture was retained longer than when a 
mount with intromission occurred. Females receiving a mount without 
intromission lost the lordotic posture either during or soon after the mount 
by the male. Evaluation of video tapes from this study showed that after 
successful penetration by the male, a rigid posture (which could be either the 
presenting posture, or an extension of the tail so that it lay horizontal to the 
body) was often observed following intromission. 
The identification of ejaculations also presented problems in this 
study. As mentioned above pelvic thrust and 'quiver' were used to aid in 
identification of ejaculations. However, an ejaculation is not always 
accompanied by the emission of semen (Sachs, 1978). This might account for 
the fact that in some cases pelvic 'quiver' did not occur and the force of pelvic 
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thrust was extremely low. The assertion that the male will grasp the female 
following ejaculation and then dismount is misleading, on many occasions 
this behaviour was not observed. 
In order to counteract the missing of an ejaculatory event the 
behaviour of the female was observed (freezing) as was the behaviour of the 
male. Often after ejaculation the male will indulge in genital grooming and 
· then lie down. However these behaviours on their own were not sufficient 
to identify an ejaculation. In order to add rigor to the identification of 
ejaculations the time interval between the last behaviour and the following 
one was taken into account. The software suite MIDAS (Malinek, 1988) 
allows the insertion of a user defined time interval to aid in the detection of 
missed ejaculations. In this study all inter behaviour intervals greater than 
120 seconds were flagged during analysis as possible ejaculatory events. The 
identification of the time at which this event occurred allowed the re-
examination of video tapes. 
It was noted that, in many cases, individual animals adopted what can 
perhaps best be described as an individual 'style' of mounts, intromissions 
and ejaculations: e.g. a subject might never show a classic ejaculatory 
response but instead ejaculate with a very slight pelvic thrust followed by an 
extremely short duration quiver. The notion that animals might well display 
individual copulatory styles is given some support by the observation of 
Larsson (1970) that males have distinct temporal patterns of copulatory 
behaviour which they maintain from youth (two- three months) to old age 
(25 - 30 months). The use of off line analytical methods allied with video tape 
techniques allows the precise measurement of the occurrence of events with 
a precision that is not possible in real time. 
3.4.3 Measuring the temporal characteristics of male copulation 
The observation of specific behaviours with an accompanying 
temporal identification allows the calculation of relationships and latencies 
within a copulatory series. A review of the literature showed that the 
amount of measures calculated by different researchers varied. In order that 
all possible relationships could be analysed in this study a compilation of the 
different measures used by other researchers was designed. 
It is not clear why the number of measures used should vary, but it is 
possible that researchers may only use those measures which are suitable for 
their particular analysis. Another possible reason for only using a few 
measures may be related to the time-consuming calculation of these 
parameters. As this study utilised specially written software for analysis of 
male sexual behaviour it was possible to include the measures shown below. 
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3.4.3.1 Mounts 
The number of mounts within an ejaculatory series. 
3.4.3.2 Intromissions 
The number of mounts with insertion of the penis within an 
ejaculatory series. 
3.4.3.3 Ejaculations . 
• . __,;..,l:. 
The number of ejaculations. terminating each series withi:;; the 
experimental session. 
3.4.3.4 Mount latency 
The time (in seconds) from the introduction of the female to the first 
mount with or without intromission. 
3.4.3.5 Post-ejaculatory interval 
The time (in seconds) from the previous ejaculation to the first mount 
with or without intromission. 
3.4.3.6 Mounts per minute 
The. total number of mounts with or without intromission during an 
ejaculatory series divided by the length of the series. 
3.4.3.7 Mounts without intromission per minute 
The total number of mounts without insertion of the penis during an 
ejaculatory series divided by the length of the series. 
3.4.3.8 lntromissions per minute 
The total number of mounts with insertion of the penis during an 
ejaculatory series divided by the length of the series. 
3.4.3.9 Mean interintromission interval 
The mean time (expressed as hundredths of a second) between each 
mount with insertion of the penis within an ejaculatory series. 
3.4.3.10 Ejaculation latency 
The time from the first mount with or without insertion of the penis 
to ejaculation. 
3.4.3.11 Ejaculation latency from mount 
The time from the first mount without insertion of the penis to ejaculation. 
3.4.3.12 Ejaculation latency from intromission 
The time from the first mount with insertion of the penis to 
ejaculation. 
3.4.3.13 Total sexual activity per minute 
The total number of mounts with and without insertion of the penis 
divided by the length of the ejaculatory series. 
3.4.3.14 Percentage of mounts 
The percentage of mounts without insertion of the penis displayed 
during an ejaculatory series. 
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3.4.3.15 Percentage. of intromissions 
The percentage of intromissions with insertion of the penis displayed 
during an ejaculatory series. 
3.4.4 Elicitation. of male sexual behaviour 
During preliminary experimentation in the first year of ~ study it 
was noticed that when sexually naive males were paired with_ ~eptive 
females copulation did not always occur. This observation was difficult to 
explain as examination of the literature led us to the assumption that the 
expression of copulatory behaviour when males were paired with females 
was an immutable process. 
In order to discount the possible effects of a novel situation and 
perhaps time factors, the animals were left together for up to two hours, 
however, copulation did not occur. Male5 were then paired with .females-on 
successive days in order to see if repeated exposure to receptive f~ales 
would elicit copulation. It was found that in some ca~es copulation would 
occur on subsequent pairings but not in others. 
Review of the literature showed that other observers had noted that a 
small percentage of male rats fail to copulate spontaneously when they are 
first introduced to an oestrous female (Anderson, 1936; Beach, 1942a; Stone, 
1938; Whalen, Beach and Kuehn, 1961). One explanation.offered for the 
failure of these males to mate is that they suffer from an arousal deficit 
(Beach, 1942a). Crowley, Poplow and Ward (1973) examined this 
phenomenon in males which did not mate with oestrous females and 
showed that electric flank shock was sufficient to induce copulatory 
performance in the these males. Pottier and Baran (1973~ examined males 
which did not copulate and argued that these animals were less responsive 
to novel stimuli and displayed slower habituation to novelty. 
This type of literature would lead one to the reasonable assumption 
that noncopulation by males occurs in a small percentage of the population. 
However, while arousal is an interesting concept its application to these 
experimental results may not be the most suitable term to employ. 
Firstly, session length may be an important variable in the 
examination of copulatory behaviour, and the short trial periods used by 
researchers (e.g. 15 minutes: Crowley, Poplow and Ward, 1971; Pottier and 
Baran, 1973) is insufficient to state with any certainty that copulation will 
not occur. The criterion of failure to copulate during 15 minute tests at 
weekly intervals does not satisfy the requirements for determination of 
experimental session length (Dewsbury, 1975b). 
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Secondly, the measures involved in the assessment of low arousability 
e.g. sniffing at plastic cube in home cage, more lying down in non copulators 
(Pottier and Baran, 1973) are not necessarily good indicators of low 
arousability, furthermore, Pottier and Baran base their explanation of the 
behaviour of non copulating males on only three subjects. -. 
Thirdly, while experimenters control for the effect of tesf$g during 
light-dark cycles and other factors the method of rearing of experimental 
males is often not considered or reported (Crowley, Poplow and Ward, 1971; 
Pottier and Baran, 1973). As regards animal rearing the work of Pottier and 
Baran can serve as an exemplar of a common practice. Male rats were 30 days 
old when brought into the laboratory from an outside supplier and then 
hcmsed in groups of 5 for 20days when they where split into single cages and 
30 days later used for experimental copulatory sessions. Hlinak and 
Madlafousek (1971b) examined precopulatory and copulatory behaviour in 
sexually naive adult male rats which had been reared in two different ways 
up to their first meeting with oestrous females. One group was reared from 
birth under a reversed day-night cycle; the second group was introduced to a 
reversed day-night cycle 4-5 weeks before testing. Both groups were tested 
with females displaying different kinds of precopulatory behaviour. 
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Table 3.1 shows the precopulatory and copulatory behaviour exhibited 
by males reared in the two conditions. All males reared from birth under a 
reversed light cycle exhibited precopulatory behaviour when tested with the 
4 types of female. In contrast, those males introduced to the artificial light 
cycle in adulthood did not. Similarly, sexual behaviour of the IlW!les 
introduced to the artificial light cycle in adulthood was also de~ssed in 
comparison to the group reared from birth under reversed lighting. 
Table 3.1 Precopulatory and copulatory behaviour of male rats reared under 
different conditions when paired with females displaying various levels of 
proceptive behaviour (data from ffiinak and Madlafousek, 1972) 
Female Type 
Lordotic Presenting Hopping Darting 
Raised from birth under reversed light before testing 
Number displaying 100% 100% 100% 100% 
precopulatory behaviour 
Number of copula tors 1% 45% 78% 99% 
Introduced to reversed light at 4-5 weeks before testing 
Number displaying 60% 83% 90% 88% 
precopulatory behaviour 
Number of copuiators 1% 27% 56% 88% 
These results show that mode of rearing is important in the 
expression of precopulatory and copulatory behaviour by sexually naive 
males. These observations have important consequences for interpreting 
mating tests when one or more groups have been administered a treatment 
that may depress sexual behaviour. If the percentage of normal males 
copulating with females is below 100% then a decreased number of males 
initiating copulation in the experimental condition is difficult to interpret. 
The experiments reported here examine the effect of blocking 
conduction along the trigeminal nerve. It is likely that this manipulation 
will interfere with the expression of sexual behaviour. Therefore it is very 
important that all the subjects are raised in an environment that is 
conductive to maximal response by control animals. The use of animals that 
have the potential to exhibit maximal response in the control condition will 
make it easier to evaluate any decrement of response that may occur in rats 
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treated with lidocaine. 
ln response to the findings of Hlinak and Madlafousek (1972) all males 
used in the study were reared under a reversed day/night cycle from birth. 
An evaluation of these rearing conditions showed that even though length 
to begin copulation was variable, all of the male rats copulated. Ipe use of 
this technique ensured that maximal copulation in all experiinafttal subjects. 
3.4.4.1 Rearing · 
Pregnant females from the animal house at Plymouth Polytechnic 
were introduced to the stock room adjacent to the laboratory approximately 
seven days before parturition in order to allow habituation to the reversed 
light regime. Pups were sexed during the first five days postpartum, and the 
litter culled to eight pups. The majority of litters presented a preponderance 
of females in comparison to males. The cull procedure did not se~k to 
maintain any sex ratio in litter composition as more males were needed than 
females. A.s many males as possible were kept in the culled litters but their 
numbers did not exceed six per litter. Pup selection was also based on size 
and evidence of successful feeding. Only the largest pups were selected for 
rearing, any runts or pups with small milk bands were rejected. 
All subjects were raised under reversed lighting from birth (lights on 
2130, lights off 0930). Animals were weaned at 21 days postpartum at which 
time they were split into single sex groups for housing. 
Interestingly, the determination of sex by the use of anogenital 
distance was not the easiest of tasks. The use of a vernier caliper gauge in the 
determination of anogenital distance appeared at first glance to offer some 
scientific rigour. However, its use was discontinued after some startling 
revelations at puberty in young rats. The method employed in sexing 
eventually consisted of finding which pups in the litter had the greatest 
anogenital distance and designating them as males. After this had been 
carried out the remainder of the pups were again scanned and the largest 
anogenital distance was designated as male etc. This method was found to be 
the best for determining sex of pups. 
3.4.4.2 Housing 
Parturition to weaning: Translucent, solid bottomed polypropylene 
cages (38 x 25 x 18 cm) with stainless steel wire lids. 
Weaning onwards: Translucent, solid bottomed polypropylene cages 
(50 x 31 x 19 cm) with stainless steel wire lids (Males n = 6 per cage, Females n 
= 8 per cage). Christopher Hills rat chow and tap water was available ad 
libitum. Bedding material (pine shavings) was changed weekly. Room 
temperature was maintained at 22-25 C with humidity at 40-45 RH. Clock 
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controlled lighting was on from 2130 to 0930 hours daily. During the day 
(lights off) red ceiling lights were used to provide illumination for access to 
animals (feeding etc.). A stable low background noise was provided by the air 
conditioning system. 
-. 
. -- -~--
3.5 Measurement and induction of sexual behaviour in the femate rat 
The majority of previous work on the sexual behaviour of male rats 
has concentrated primarily on the behaviour of the male and not on the 
behavioural state of the female. The female rodent has been greatly 
underestimated in regard to her role in determining rodent sexual 
behaviour. Doty (1974) found that during the decade from 1960 to 1969, 68% 
of all studies of rat copulation published in the Journal of Comparative and 
Physiological Psychology examined the behaviour of males, 20% the 
behaviour of females only, and 12% examined the behaviour of males and 
females. Most laboratory studies of male sexual behaviour have studied 
copulation in small confined test situations in which the male appears to 
play the more dominant and active role. They have not examined early 
phases of sexual behaviour such as courtship. 
By using female type as an independent variable in this study it is 
possible to arrive at an interpretation of male copulatory behaviour that 
recognises the effect(s) that female proceptive behaviour may have. 
Recognition of the role of female precopulatory behaviour in the expression 
of male copulatory performance reduces the possibilitY of incorrect 
interpretation of observed behaviours which may be the result of an 
interaction between female precopulatory behaviour and experimental state 
of the male. 
3.5.1 Female types 
Madlafousek and .I-llinak (1977) have proposed, and tested, a 
measurement system for the precopulatory behaviour of female rats. From 
their long-term observations they noted that females, in natural as well as 
artificial oestrus, typically reach more or less stabilised states in which the 
individual female exhibits a given intensity of sexual behaviour consistently 
for many minutes or even several hours. 
Madlafousek and Hlinak showed that it is possible to induce 4 
'distinct' and 2 'mixed' copulatory behaviour patterns in ovariectomised 
females by using various doses of the hormones oestrogen and progesterone. 
These behaviours are quantifiable and easily assessed. The behaviours are 
called proceptive or precopulatory because they do not affect the behaviour of 
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the female when she is mounted by the male. What is affected is the 
behaviour emitted by the female immediately before commencement of 
copulatory behaviour by the male. Most importantly, female precopulatory 
behaviour has an effect on the expression of sexual behaviour in males; the 
more intense the precopulatory behaviour the more likely it is tl}at the male 
will initiate copulation. This has been demonstrated in a studyi;f 
Madlafousek, Hlinak and Beran (1976) which found that the more intense 
the precopulatory behaviour of the female, the more likely castrated males 
were to initiate copulation. This differential activation of castrated males was 
able to significantly attenuate the decrease in expression of sexual behaviour 
following castration. Therefore, it is possible to use female behavioural state 
as an_independent variable in studies of male sexual behaviour. The . 
different female types are described below. 
3.5.1.1 Lordotic 
The lowest intensity of pure female sexual behaviour is called 
lordosis. This consists of concave arching of the back and allows the female 
to carry the weight of the mounting male, and makes it possible for the male 
to insert his penis into her vagina. The rump is lifted followed closely by 
lifting of the head and by contact of thorax with the substrate, this posture is 
held for 0.5 to 3.5 seconds. 
3.5.1.2 Presenting 
The second pure ascending intensity of behaviour is termed the 
presenting posture. The female typically passes to the lordotic stance from a 
presenting posture that she holds before the mount of the male. This posture 
enables the female to perform the lordotic reaction without changing the 
position of her feet on the floor and to absorb the forward and backward 
movements of the male right from the beginning of the mount. 
3.5.1.3 Hopping 
This is the third pure intensity of precopulatory behaviour. It is 
characterised by rapid and vigorous movements about the test arena. The 
front feet raise off the floor returning in a bow-shaped path. The hind legs 
come forward before the front feet touch the ground and the rear part of the 
body moves forward circumscribing a high bow. This is extremely stylised 
and typically ends in the presenting posture. The duration of the hop is 
usually less than 0.3 seconds. 
3.5.1.4 Darting 
The highest pure intensity of female precopulatory behaviour is 
darting. The body is extended, the back being almost flat. The shape of as well 
as the length of, the body do not change during the duration of the forward 
movement. The average speed of this forward movement which ends in 
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presenting posture is typically 60 cm/sec (36 miles per hour). 
3.5.1.5 Mixed behaviours 
There are quantifiable 'mixed' behaviours which are so called because 
any two of the single behaviour types are exhibited often during testing. 
Presenting and hopping is an intermediate stage between the pu!e level of 
- presenting and the next higher stage of hopping. Hopping and -~rting is an 
intermediate stage between pure hopping and pure darting. 
3.5.2 Measurement of female precopulatory behaviour 
Madlafousek and Hlinak (1977) have described how females are to be 
tested to evaluate their precopulatory state. In their method each female is 
tested with sexually experienced males in 6 spaced subtests in order to 
ascertain her state of copulatory readiness. Males are used with several 
females but no male is used With the same female twice. Each subtest starts 
with the introduction of a male and terminates when the male exhibits one 
intromissi~n, an ejaculation, or three mounts. Because of the possibility of 
post copulatory aversion influencing female responsiveness, a period of 8 
minutes between subtests is used. 
Results from the first subtest are not used because of the "warming up 
effect" (Pierce and Nuttall, 1961). Because hopping and darting are always 
terminated by the presenting posture, recording is limited to hopping and 
darting respectively; registration of presenting posture then signifies that this 
element occurred without hopping or darting. In every subtest the number 
of times that a certain behaviour is exhibited is recorded, the total from all 5 
subtests is then used to quantify the state of the female. 
Table 3.2 illustrates the technique and the behaviours displayed by a 
representative female on 6 tests with sexually experienced males. The totals 
are then assessed using Table 3;3 which is constructed so that relative 
proportions of behaviours are used to classify the female. From Table 3.3 it 
can be seen that this female (exhibiting hopping 6 times and darting 5 times) 
would be classified as hopping and darting i.e. if hopping is read along the 
horizontal axis and darting is read along the vertical axis the two behaviours 
intersect within the shaded section of the figure. All mixed behaviours are 
represented within the shaded section of the table while all 'pure' behaviours 
are represented within the unshaded section. 
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Table 3.2 Example data showing definition of female type based on subtests 
with an experienced male. 
IDENTIFICATION OF FEMALE TYPE 
TESTl PRESENT 
TEST2 HOP 
TEST3 DART 
TEST4 DART 
TESTS HOP 
TEST6 HOP 
Number of HOPS in 5 tests = 6 
Number of DARTS in 5 tests = 5 
HOP 
HOP 
HOP 
DART 
HOP 
Female type= HOPPING & DARTING 
. 
DART --%-
DART 
Table 3.3 A table for the assessment of intensity degrees of ("clean" and 
"mixed" ) female rat sexual responsiveness. The number of occurrences of 
one Precopulatory Behaviour Element (axis X) is compared with that of 
another Element (axis Y). Taken from Madlafousek and Hlinak, 1977 
0 
1 
2 
3 
4 
• 5 
6 
7 
8 
9 
1 0 
1 1 
12 
1 3 
1 4 
1 5 
• 0 1 2 3 4 5 6 7 8 9 101112131415 
3.5.3 Hormonal induction of female precopulatory behaviour 
The use of female type as an independent variable in experiments on 
male sexual behaviour requires that sufficient numbers of females in each 
behavioural category are available for experimental purposes. It is important 
to examine the conditions and parameters required in the rearing and care of 
females in order to ensure maximum sensitivity to hormonal 
manipulations used to induce different behavioural types. 
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Hlinak and Madlafousek (1971) ovariectomised females at 30, 70 and 
145 days of age. They found that the older the females were at time of 
ovariectomy the more effective oestradiol and progesterone were in eliciting 
precopulatory behaviours. Hlinak and Madlafousek (1982a) ovariectomised 
females at 70 days of age and tested them for precopulatory be~our 3, 4, 5, 
6, 7 and 8 weeks post-ovariectomy. Group I was injected with 1~inicrograms 
oestradiol dipropionate 48 hours prior to testing and 1.0 milligram 
progesterone 4 hours prior to testing. Group II was injected with 30 
micrograms oestradiol dipropionate 48 hours prior to testing and 1.0 
milligram progesterone 4 hours prior to testing. Injections at weekly 
intervals were started 5 days after ovariectomy; all hormones were 
administered subcutaneously in 0.2 ml oil vehicle. 
In both groups after week 4 little change occurred in the ex-pression of 
female precopulatory behaviour. Of the animals in Group I they found that 
66% exhibited presenting and hopping or pure hopping, and 10% to 20% 
exhibited hopping and darting, and pure darting. The animals in Group 11 
were the most responsive, exhibiting darting and hopping and darting. 
Hlinak and Madlafousek (1982a) found that they were able to induce 
100% lordotic females by injecting them with 30 micrograms oestradiol 
dipropionate 48 hours before testing and 0.5 mg haloperidol intramuscularly 
1 hour before test. They report that injection of haloperidol abolishes rapid 
movement while keeping a 100% lordosis quotient. They were also able to 
induce darting in females by injecting 100 micrograms oestradiol 
dipropionate 48 hours before test and 1.0 mg progesterone 4 hours before test. 
Madlafousek, Hlinak and Beran (1976) were able to induce darting in females 
by injecting 30 micrograms of oestradiol 48 hours before test and 1.0 mg 
progesterone 4 hours before test. 
It is of interest to note that there appear to be differences between 
different strains of rats as regards their sensitivity to oestrogen and 
progesterone. Madlafousek and Hlinak (1977) based their work on a local 
Wistar strain and carried out comparisons with other strains to assess the 
elicitation of precopulatory behaviours. Hlinak (1975) carried out 
comparisons on: Long-Evans, Sprague-Dawley and two other Wistar derived 
strains (Lewis, AVN/Ph). It was found that oestradiol propitionate had only 
small effects on sexual responsiveness while progesterone showed large 
strain differences. The most sensitive was Wistar, with Sprague-Dawley 
being the least responsive. As the female rats in this study were of a Wistar 
strain it would be reasonable to suppose that they too would be more 
sensitive to progesterone. 
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It would seem that there is no dose of oestradiol dipropionate and 
progesterone that will reliably elicit all the behaviours listed above 100% of 
the time. The most viable course to take seems to be the injection of 
oestradiol at varying doses and then choosing females from a large subject 
pool. • 
3.5.4 Housing conditions -'%-
Pregnant females were introduced to the holding room when palpably 
pregnant so that they littered 6-7 days later. Pups were weaned at 21 days and 
split into single sex groups and group housed (n = 8) in translucent 
polypropylene cages (50 x 31 x 18 cm). Lights in the colony room were on a 
reversed 12 hour cycle (light off from 0930- 2130). 
Non-ovariectomised females typically come into oestrus 4 hours after 
the beginning of the dark period (Madlafousek and Hlinak, 1977) .. Raising 
females under reversed light conditions from birth, ensures that the 
induction of behavioural oestrous by exogenous hormones occurs at the 
same time as normal oestrus. 
Males were raised from birth under reversed lighting to try and ensure 
100% expression of precopulatory behaviour. The diurnal synchronisation of 
females allowed a testing situation which mimicked the natural situation. 
3.5.5 Ovariectomy 
Females were given bilateral ovariectomies under Sodium 
Pentobarbital anaesthesia (60 mg/kg) at 70 days of age with injection of 
ovarian hormones beginning 5 days later when the wound clips had been 
removed. Females were given copulatory experience at weekly intervals (90 
minute exposure with stud males) prior to testing at about 100 days. 
3.5.6 Hormone dosage to induce female precopulatory behaviour 
3.5.6.1 Lordotic 
30 micrograms oestradiol dipropionate in 0.2 ml peanut oil 48 hours 
prior to testing and 0.5 mg haloperidol i.m. 1 hour prior to test. 
3.5.6.2 Presenting, presenting and hopping 
100 micrograms oestradiol dipropionate 48 hours prior to testing and 
1.0 mg progesterone 4 hours prior to test (vehicle= 0.2 ml peanut oil). 
3.5.6.3 Hopping, hopping and darting, darting 
200 micrograms oestradiol dipropionate 48 hours prior to testing and 
1.0 mg progesterone 4 hours prior to test (vehicle = 0.2 ml peanut oil). 
3.5.7 Elicitation and training of female types 
In order to examine the effects of lidocaine on male sexual behaviour 
females displaying 6 different levels of precopulatory behaviour were used as 
incentives. The elicitation of precopulatory behaviours is not firmly coupled 
with the amount of ovarian hormones administered. Madlafousek and 
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Hlinak (1977) have shown that while the amount of oestrogen and 
progesterone administered increases the likelihood of the emergence of high 
intensity precopulatory behaviours, the percentage of females displaying 
these behaviours does not increase on a linear scale. When females are 
administered oestrogen and progesterone the intensity of precopplatory 
behaviour increases as a function of the time period over whidf.'_The 
hormones are administered. 
Therefore, in this study females were screened at weekly intervals to 
identify levels of precopulatory behaviour emitted as a result of oestrogen 
and progesterone administration. These trials showed a large variation in 
female response e.g. a female might dart one week, hop the next week, hop 
and dart the next. Additionally, some of the females would not display the 
highest levels of precopulatory behaviour even after 2 months of· repeated 
hormone administration. The lack of a stable intensity of precopulatory 
behaviour meant that the sections of the experiment that required the 
highest levels of precopulatory behaviour took the longest to complete. 
During the course of the experiment additional groups of females had 
to be ovariectomised and prepared for testing in order to find a sufficient 
number of subjects to fulfil the criterion of 12 females in each level 
examined. A corresponding number of groups of males used for determining 
female type had to be given sexual experience so that they could be used in 
female assessment. 
3.5.7.1 Training 
Females were given bilateral ovariectomies at 70 days of age and 
administered oestrogen and progesterone at weekly inte~vals starting 5 days 
later. Doses of oestrogen and progesterone during this period were those 
used in the induction of presenting females (see below). Females were placed 
in the experimental cage with sexually experienced males and allowed to 
copulate for 90 minutes at weekly intervals for at least 4 weeks prior to 
testing with experimental males. The maximum age of females used in the 
study was approximately 300 days. 
Males used as probes for the determination of female precopulatory 
behaviour were sexually experienced. As the age of these 'stud' males was 
not important to the experiment some of them had experienced weekly 
sessions for over a year. Males used as studs were trained by pairing them 
with sexually experienced females for 90 minutes at weekly intervals. No 
male was used in the determination of female type until at least 6 copulatory 
sessions had occurred. 
Supplementary observations showed that when both females and 
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males were sexually naive the expression of sexual behaviour was unlikely. 
Additionally, it was noted that when stud males were placed with females to 
determine their precopulatory behaviour they had to be removed quickly 
from the cage as their latency to ejaculation was extremely short. 
3.5.8 Induction and verification of female precopulatory beh2viour 
3.5.8.1 Presenting, presenting and hopping ~ 
rz 
48 hours prior to testing sexually experienced ovanectorriised females 
were injected subcutaneously with 100 micrograrns of oestradiol 
dipropionate (B- Oestradiol3-Benzoate; Sigrna Chemical Co.) in 0.2 ml 
peanut oil (Sigrna Chemical Co.). Four hours prior to testing females were 
injected subcutaneously with 1 mg of progesterone (4- Pregnone- 3, 20-
dione, Sigma Chemical Co.) in 0.2 ml peanut oil. All injections were given at 
0900 hours. 
3.5.8.2 Hopping, hopping and darting, darting 
48 hours prior to testing sexually experienced ovariectomised females 
were injected subcutaneously with 200 micrograrns of oestradiol 
dipropionate in 0.2 ml peanut oil. 4 hours prior to testing females were 
injected subcutaneously with 1 mg of progesterone in 0.2 ml peanut oil. All 
injections were given at 0900 hours. 
Prior to testing all observation arenas were washed with an unscented 
non-allergenic soap (Simple Soap Ltd., Hampton, Middlesex, England). 
3.5.8.3 Time of test 
At 1300 hours, females were placed into individual testing arenas and 
each tested with a different male in 6 spaced subtests. Each subtest started 
with the introduction of a female to a male selected at random and 
terminated when the male exhibited one intromission or ejaculation or 
three mounts. A period of 8 minutes between subtests was used· to avoid the 
possibility of postcopulatory aversion influencing responsiveness. Each male 
was used for probing several females but was not tested with the same 
female twice. 
Video tapes of the session were taken to ascertain the behavioural 
state of the female. All testing was carried out under red light (70 lux). The 
total duration of testing was approximately 1 hour. The first subtest was not 
used for evaluation of behavioural state in the female. In every subtest the 
number of times that a certain behaviour was exhibited was recorded and the 
total from all 5 subtests used to quantify the state of the female. 
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3.6 Effects of cage size 
A review of the literature shows that a bewildering array of 
experimental chamber types and sizes is used by researchers. The type of 
chamber used seems to depend on what particular piece of appa~tus was 
~- . 
present in the laboratory at the time of instigation of ~he test program. The 
size and construction of these chambers varies greatly (e.g. 10 x 15 x 28 inches, 
cloth, Carr, Krames and Costanzo, 1970; 16 inch square, wood, Larsson, 1961). 
Madlafousek and Hlinak (1977) used two chamber sizes in order to 
determine female type (80 x 50 x 30 cm; 200 x 200 x 35 cm) and point out that 
some distance must be available in order to determine the 'dart' of a female 
(i.e. 200 x 200 x 35 cm). 
In common with other investigators, this study utilised cliambers 
which were present in the laboratory at the beginning of the experimental 
sequence. ·cages were adapted for use in experiments (i.e. front opening, 
ventilation holes, flooring) and the size of these chambers (48 cm long, 21 cm 
wide and 21 cm high) meant that the apparatus previously described could be 
built. 
Preliminary observations using these cages showed that it was not 
possible to determine with any accuracy, female type in real time 
observation. Subsequent investigation using video recording techniques was 
able to show that the behaviours described by Madlafousek and ffiinak were 
being displayed in the apparatus. The stereotyped nature of these 
precopulatory patterns was amply verified in that the 'darting' run of the 
female could be displayed in a cage length of 48 cm. With 'hopping' there 
were also no problems in identification as slow motion analysis showed the 
behavioural synchrony described by Madlafousek and ffiinak. 
3.6.1 Use of video and cage size 
The use of the experimental apparatus provided the serendipitous 
finding that female movement (and hence male copulatory performance) 
occurred more often in the longitudinal axis. This carried significant 
advantages in the identification of male copulatory performance. The depth 
of field available for camera focus meant that, in the vast majority of cases, 
male mounting occurred in such a way that it was possible to see the male 
penis and ascertain whether or not it was erect and whether or not it had 
been inserted. Interestingly, it was found that when ejaculation had occurred, 
a freeze frame analysis of the video showed "flaring" of the penis which 
formed the classic "cup" shape (Hart and Melese-D'Hospital, 1983). 
The use of a compact cage presented no disadvantages in identification 
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of female behaviour and provided a field of view which greatly aided the 
identification of male behaviour. 
3. 7 Overall subject usage 
-. 
-'- · 
The lack of a stable intensity of precopulatory behaviour meant that 
the sections of the experiment that required the highest levels of 
pre!=opulatory behaviour took the longest to complete. During the course of 
the experiment additional groups of females had to be ovariectomised and 
prepared for testing in order to find a sufficient number of subjects to fulfil 
the criterion of 12 females in each level examined. A corresponding number 
of groups of males used for determining female type had to be given sexual 
experience so that they could be used in female assessment. 
Additionally, in order to ensure that males tested were within a 
specific age range, many subjects were not used in experimental conditions 
because the particular 'time-window' had expired. Also, when males were 
placed with females in an experimental situation a subsequent analysis of 
female type showed that the females precopulatory behaviour was not at 
specified levels. In this case, data was not collected from these animals. 
Because of these problems the number of subjects given below 
does not reflect the true number of animals used. A rough estimate of the 
subjects used would put the gross number at about double that shown. 
The number of subjects reported for each experimental sequence does not 
reflect the actual number of subjects used in this series of experiments. 
Because of the difficulty involved in the production of females displaying 
the highest levels of precopulatory behaviour, the number of 
experimental pairings of males with females displaying the lower levels 
of precopulatory behaviour was much higher. Where more than twelve 
records of experimental conditions were present, the films were divided 
into sections which corresponded to matched subjects in either saline or 
lidocaine conditions and the first twelve selected. Where more than 
twelve matched pairs were available for sampling, the decision was based 
on the largest time intervals between experiments e.g. six months. 
Additionally, the total length of the experiment spanned some five years 
and the data reported reflects observations from this entire time span. 
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3.8 Experimelltal session length 
Before embarking on an investigation of the copulatory behaviour of 
male rats, it is important that an a priori decision be made about the length 
of the experimental session. There are three factors that must b~J~ken into 
account when deciding on the length of experimental session that is to be 
used in an investigation of male copulation. 
Firstly, the changes that occur in the temporal patterning of male 
copulatory behaviour as ejaculation frequency increases e.g. intromission 
frequency decreases in ejaculatory series as a function of ejaculatory 
frequency, also post-ejaculatory interval increases as more ejaculations are 
achieved (Beach and Jordan, 1956). It is these changes within experimental 
sessions that have allowed various researchers to construct theoretical 
frameworks of male sexual behaviour (e.g. Beach and Jordan, 1956; Brown, 
Freeman a·nd MacFarland, 1974). Thus, any study of male copulatory 
behaviour must be of sufficient duration to allow a comparison of these 
temporal changes between males in an experimental condition and their 
appropriate controls. 
Secondly, the latency taken to initiate copulation. While it is usually 
assumed that copulation will be initiated by control males (e.g. saline) factors 
such as rearing (Hlinak and Madlafousek, 1972) may affect mount latency by 
these animals. Additionally, drug administration may affect central or 
peripheral structures in such a way that the time taken to initiate is greatly 
increased. 
Thirdly, the amount of time available to the experimenter. Studies of 
male copulation are carried out within a framework that is governed not 
only by the internal constraints of the experimental procedure but by certain 
external factors. Those factors controlling experimental session length can 
vary from grant duration to the fitting of an experimental schedule around 
those teaching duties required by the host establishment. 
Consideration of these factors leads to the question of how to strike the 
happy balance that leads to a suitable number of series being recorded for 
examination as well as allowing a sufficient period for initiation. There are 
three strategies that may be employed in order to tackle this problem. These 
are: (a) A time-limited session; the duration of the experimental session is 
predetermined and measures are only taken for that period. (b) A session 
length based on sexual exhaustion; in this case males are allowed to copulate 
until they are sexually satiated with their current partner. (c) A series limited 
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session; the duration of experimental session is fixed in this case by the 
number of ejaculatory series that are to be displayed by each subject. 
These three strategies will be examined using data and experimental 
methodology employed by other researchers. It will be shown that even 
though trials to sexual exhaustion are the best method of gather~g data a 
series-limited strategy is usually employed when consideration-~£ restrictions 
on experimenter time are taken into account. 
Having established that conventional wisdom supports a series-
limited strategy it will be argued that adoption of this strategy is based on the 
use of outdated methodology. Additionally, it will be argued that 
employment of a series-limited strategy can hamper the gathering of data 
that is of importance in the examination of _ the effects of experimental 
manipulations of subject males. 
In the light of these observations the strategy employed in this 
particular-study will be presented. Determination of session length was based 
the known duration of the effects of intramystacial injection of lidocaine as 
well as the need to record sufficient ejaculatory series in order to observe 
those changes that occur over time in the copulation of normal males. 
Additionally, session length was determined by the need to observe male 
subjects during that period of the light/ dark cycle which is optimal for the 
expression of sexual behaviour. 
It will be argued that employment of video technology allows the 
implementation of a time-limited method for the examination of male 
copulatory behaviour. This usage allows a new definition of the term 'time-
limited' by giving access to the recording of experimental sessions of such a 
duration that those changes that occur during copulation can be evaluated. 
Additionally, it is argued that the length of session employed in this study is 
such that the data gathered is comparable to that of other researchers who 
have employed the method of sexual exhaustion. 
Firstly, Dewsbury (1975b) suggested that a time-limited strategy is 
unsuitable for the study of male copulation in that it does not take into 
account the effects that might occur on initiation of copulation. Dewsbury 
argued that if a drug is administered, one of its manifestations may well be 
that of a retardation in mount latency. He points out that time-limited trials 
have an inherent bias because fewer series are completed by slower animals. 
As he points out series-limited analyses systematically eliminate data from 
the slowest animals in the experiment. This is done with animals showing 
the greatest or the least drug effect, depending upon the direction of the effect 
produced by the drug. The question remains, however, whether or not it is 
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possible to apply a time-limited strategy to studies of male copulation. 
Dewsbury (1975b) suggested that a 30 minute interval is too short (c.f. Mitler, 
Morden, Levine and Dement, 1972). Beach (1942a) appears to have been 
aware of the problems of initiation and suitable session length and it is 
worthwhile to briefly examine his experimental strategy. Male ~bjects were 
given a 10 minute habituation period in the apparatus followec.n?y 
introduction of a stimulus female. At this point the test began and was 
terminated 15 minutes later. However, Beach extended this 15 minute test in 
certain cases because sometimes "the male apparently experienced high 
sexual excitement, and copulation seemed imminent" (Beach; 1942a, pp 168). 
On such occasions, the test duration was doubled to 30 minutes. If "coition" 
occurred during this extended period, the 15 minutes was taken from the 
time of the initial copulation. It would appear that even though Beach 
(1942a) attempted to compensate for differential initiation, the experimental 
protocols used do not satisfy the criteria posited by Dewsbury (1975b). 
Secondly, Beach and Jordan (1956) in their ,study of sexual exhaustion 
in male rats formulated the accepted criterion for sexual exhaustion as being 
30 minutes without expression of a mount. Beach and Jordan presented the 
data for 11 males and found that in terms of ejaculatory performance the 
criterion of sexual exhaustion was reached after a mean number of 6.9 
ejaculations (median= 7.0). They noted that "individual variation was 
considerable and the total number of ejaculations ranged from 5 to 10 for 
different males" (Beach and Jordan, 1956, p 124). 
This variation was such that when presenting those parameters of 
sexual performance that were of theoretical interest (intromission frequency, 
ejaculation latency, post-ejaculatory interval) Beach and Jordan presented 
measures for only 6 ejaculatory series as "so few animals ejaculated more 
than 6 times that group scores are not representative past this point'' (Beach 
and Jordan, 1956, p 125). Beach and Jordan found that the mean duration of 
the test from the introduction of the receptive female to the occurrence of 
the males final ejaculation was 89.2 minutes (median = 82.8). The range of 
this period to the criterion of sexual exhaustion varied from 61.5 to 141.5 
minutes. These findings would indicate that normal males which are able to 
achieve 6 ejaculations within 90 minutes can be considered to have reached 
sexual exhaustion. Dewsbury (1975b) suggests that running trials to the 
criterion of sexual exhaustion used by Beach and Jordan (1956) is the probably 
the best way to explore the parameters of male copulation. Dewsbury does, 
however, add a caveat that use of this method is not particularly practical 
when observer time and efficiency is taken into consideration. Dewsbury 
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points out that tt.e density of data collected per hour of observer time 
decreases sharply toward the end of satiety tests. 
Thirdly, Dewsbury argues that a series limited session is the best way 
to gather data for an evaluation of male copulatory performance. Dewsbury 
points out that of course there is a problem with the inherent iru;fficiency in 
that the duration of any given test is unpredictable. Therefore ~g is 
difficult to schedule when the injection-test interval (presumably for 
repeated trials) is kept constant. Dewsbury argues that the series-limited test 
does provide the only method, (short of satiety tests) to eliminate the biases 
intrinsic to the time limited procedure. Dewsbury goe8 on to suggest that one 
to three complete ejaculatory series are sufficient for analysis in experimental 
studies of male copulatory behaviour. 
While the eminently practical suggestions put forward by Dewsbury 
have merit, there are certain points that would preclude their application in 
this particular study. Firstly, the notion of session length being determined 
by observer time and efficiency. This qualification is b~sed on the use of real 
time observation of copulation by an observer(s). It has been argued that the 
use of human observers in a real time observation is prone to error in 
interpretation and timing of behavioural events. It was stated that the 
continuing use of real time observation was an outdated anachronism. The 
use of video allows the behavioural scientist to overcome the problems of 
observer 'fatigue' as well as practical consideration of density of data 
collection the use of video now enables tests to be carried out to some 
criterion of sexual satiation. The application of video technology means that 
the choice facing the experimenter becomes a simple one as to what type of 
video cassette should be used rather than a determination of session length 
based on observer(s) stamina. It is suggested that Dewsbury's (1975b) 
contention that satiety limited tests are not practical is no longer applicable. 
This strategy which is based on real time observation by human observers is 
now supplanted by the application of video technology. 
Secondly, the use of a series limited strategy in the study of male 
copulatory behaviour. Dewsbury (1975b) contends that one to three series 
ejaculatory series are usually sufficient for analysis in studies of male 
copulatory behaviour. However, the use of one to three ejaculatory series as 
a basis for analysis is potentially misleading. Observation of one series tells 
the experimenter nothing about the process of male copulation. At best, it 
gives mount and intromission latency as well as the number of mounts and 
intromissions to ejaculation and finally ejaculation latency. Beach and 
Jordan (1956) showed that the number of intromissions to produce 
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ejaculation is reduced as a function of increase in ejaculatory frequency while 
ejaculation latency increases as more ejaculatory series are produced. 
Additionally, observation of only one series cannot address the 
measurement of post-ejaculatory interval in male copulation. The 
observation of only one ejaculatory series is therefore not suita~ for the 
study of male copulation as it cannot provide information aboufany changes 
to underlying patterns that may occur· as a result of experimental 
manipulation. The recording of three ejaculatory series appears to offer an 
answer to the problems posed by an analysis of only one series. Measurement 
of three ejaculatory series would certainly allow the observation of those 
changes that are found with an increase in ejaculatory frequency e.g. 
intromission frequency, ejaculation latency, post-ejaculatory interval. 
However, there are changes that occur within t~e parameters of male 
copulation that only become apparent as sexual exhaustion approaches. 
Larsson (1956) found that ejaculation latency and intromission frequency 
began to rise as sexual exhaustion approached and Dewsbury (1969) found 
that these changes were also apparent in the data of Beach and Jordan (1956). 
Brown, Freeman and McFarland (1974) studied 20 male subjects in 5 repeated 
trials to a sexual exhaustion criterion of 30 minutes without a mount. Brown 
et al (op cit) found changes in the pattern of copulation as exhaustion 
approached which showed that measures of mount frequency and 
ejaculation latency could be expressed as a U shaped function of ejaculatory 
frequency. Examination of the data presented by Brown et al (op cit) shows 
that the observation of these U shaped functions would not be detected by 
the measurement of only three ejaculatory series. It is suggested that while a 
series-limited strategy may take into account differential mount latency by 
subjects, the observation of only three ejaculatory series will not detect those 
changes that occur as males approach sexual exhaustion. 
Thus far, it has been argued that the use of video technology can 
overcome those methodological constraints which would preclude the use of 
an experimental strategy based on sexual exhaustion. It has also been 
suggested that a series-limited strategy based on observation of one to three 
ejaculatory series will not provide enough data to evaluate those changes in 
copulation that have been used for the identification and elucidation of 
theoretical mechanisms of male copulatory behaviour (Beach and Jordan, 
1956; Brown, Freeman and McFarland, 1974). 
3.8.1 Session length used in this study 
The primary objective of this study was to investigate the effects of 
intrarnystacial injection of lidocaine on the copulatory behaviour of male 
91 
rats. In order to achieve this aim it was necessary to determine a session 
length that would not only take into account the duration of effect of 
intramystaciallidocaine but also provide a suitable period for the 
examination of the behaviour of saline controls. Additionally, no 
experimental study of the pairing of naive males with females d~playing six 
different levels of copulatory behaviour had been previously coniiucted. It 
was therefore important that an experimental session length be devised 
which would allow the examination of the behaviour of these males so that 
the effect of female type could be examined. 
When Beach and Jordan (1956) tested males to a criterion of sexual 
exhaustion they found that the time taken to achieve this ranged from 61.5 
minutes to 141.5 minutes. The mean duration was 89.2 minutes with a 
median of 82.8 minutes. Brown, Freeman and McFarland (1974) -tested males 
to sexual exhaustion and found a range of 44.9 minutes to 172.5 minutes 
with mean of 97.1 minutes and a median of 96.6 minutes. It appears that 
when a criterion of sexual exhaustion is used the time taken to achieve this 
is remarkably stable. If the mean and median values for these two studies are 
considered it would appear that males are sexually satiated at around 90 
minutes. 
Dewsbury (1968) has shown that there is a reliable variation in the 
measures of male copulatory behaviour within the dark phase of the 
light/ dark cycle. He suggests that testing early in the dark cycle gives 
optimum copulatory performance. In order to gain a 'window' into 
optimum performance all testing in this study was carried out five hours 
into the dark cycle. 
At this stage of the development of a definition of session length, it 
appears that a 90 minute session would be able to detect the majority of 
ejaculatory series as well as allowing a suitable window into the dark part of 
the day/night cycle most likely to produce stability in measures of male 
copulation. 
This definition of session length still had to take into account mount 
latency. Many observers of male copulation employ some criterion for 
mount latency which, if exceeded, renders the subject to classification as a 
'non copulator' and subsequent removal from the experiment. As we have 
seen this definition of noncopulation is to some extent determined by factors 
in rearing. A review of the literature, suggests that 15 or 30 minutes without 
mounting is commonly employed by researchers (e.g. Barfield and Sachs, 
1970; Beach, 1942a; Beach and Jordan, 1956; Dewsbury, 1969). However, there 
does not appear to any logical reason for the removal of males at these set 
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periods. It is assumed that these times reflect constraints on experimenter 
time rather than any existing data. As there appears to be no reason for these 
periods, it was decided that males should be allowed to remain with females 
during the whole of the session. 
If a 90 minute session length with no time limit on moun! latency 
provides a suitable period for the investigation of copulatory ~a.viour in 
control males, the use of this period must be evaluated in terms of its efficacy 
in the observation of the effects of lidocaine on male copulation. It was 
reasoned that of all the possible outcomes of the effects of perioral anapsis on 
males, there were three distinct probabilities. Firstly, there might be no effect 
on initiation as measured by mount latency and no effect on copulatory 
performance. Secondly, no impairment of initiation would occur but some 
effect on copulatory behaviour might be evident. Thirdly, there might be an 
impairment of both initiation and copulatory perforl!lance. 
However, if there was some effect of lidocaine, an experimental 
strategy involving session length which would provide the opportunity to 
observe these possible effects had to be devised. Experiments 1, 2 and 3 have 
demonstrated that the perioral anaesthesia as measured by the pencil test, 
application of stickers and the placing test is present at 75 minutes and absent 
at 90 minutes. It was argued that this clear-cut distinction on all measures 
made the use of 1% lidocaine an ideal dose for the current investigation. 
As the duration of anapsis ranged from 75 to 90 minutes, it was 
decided that post-injection males would be returned to the home cage for 25 
minutes. It was reasoned that this period would be ample for any recovery 
that might be required from the effects of halothane anaesthesia during 
injection. Following this 25 minute period males would be placed into the 
experimental chamber for a five minute period to allow habituation to the 
apparatus (Beach and Jaynes, 1956; Brown, Freeman and McFarland, 1974). 
On the basis of the results of Experiments 1, 2 and 3 this 30 minute period 
prior to introduction of the female meant that the duration of perioral 
anapsis remaining should be between 45 and 60 minutes. 
At first sight it appears that if perioral anapsis has no effect on 
initiation, a 90 minute session would enable sufficient data to be gathered for 
analysis. However, as mentioned above, lidocaine injection might affect 
copulatory performance. If this did occur, it was possible that the duration of 
this disturbance might be dependent on the duration of perioral anapsis 
induced by lidocaine injection. In this case a 90 minute session would (in 
reality) only measure 45 to 60 minutes of copulatory behaviour expressed 
during and after perioral anapsis. 
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In order to cover this possibility, it was decided that should any 
lidocaine injected male initiate copulation during a 90 minute period the test 
duration would be extended to 180 minutes. The extension of the session 
length to 180 minutes for any lidocaine injected male that began copulating 
during a 90 minute session would ensure that sufficient data for_!lnalysis was 
available. -.:(;-
3.9 Experimental methodology 
3.9.1.Housing and rearing 
As described previously. 
3.9.2 Subjects 
120 ovariectomised female Wistar rats (201- 240 g) aged 106 - 155 days 
(mean 136 days). 
120. sexually experienced male Wistar rats (410 - 430 g) aged 124 - 356 
days. These males were used for pre-tests to determine female precopulatory 
state. 
180 sexually naive male Wistar rats (398 - 416 g) aged 100- 108 days 
(mean 104 days) were used as the experimental subjects. 
3.9.3 Experimental procedure 
This section gives the experimental procedure which was followed 
during the entire course of this study. Because of the requirements of the 
hormonal regime used for induction of female type, experiments were 
carried out on Wednesday, Thursday and Friday of each week. 
3.9.4 Time course of determination of female type 
This has been previously described. The following procedure carries 
on from this. 
3.9.5 Group designation 
Subjects were assigned to an appropriate treatment group. 
3.9.6 Time of injection 
If subjects were to be injected, the following was administered at 1400 
hours. 
3.9.7 Treatments 
A: 1% lidocaine, (n = 60), 0.2 ml of 1% lidothesin injected 
bilaterally into the mystacial pads. 
B: Saline (n = 60), 0.2 ml of 0.9% physiological saline injected 
bilaterally into the mystacial pads. 
Order and side of first injection were randomised. All injections were 
administered under brief halothane anaesthesia. At injection males were 
marked on the tail with a water based pen so that they could be placed into 
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cages in appropriate injection order. Following injection subjects were 
returned to the home cage. 
3.9.8 Cage preparation 
At 1415 hours prior to testing all observation arenas were washed with 
a non-scented soap. 
3.9.9 Time of introduction to testing arena ' 
.. ..:..f.-
At 1430 hours and 25 ininutes post-injection males were placed into 
the observation arena to allow them to habituate to the apparatus. Five 
minutes after this (30 minutes post-injection) a female selected at random 
was placed into the apparatus. 
3.9.10 Beginning of test 
At 1500 hours, video tape recordings with a time overlay were taken 
under red light (70 lux) for later analysis. The duration of the experiment was 
either 90 or 180 minutes dependent on whether or not copulation had begun 
in males injected with lidocaine. Behaviour in test arenas was monitored 
from outside the laboratory using a remote camera switching apparatus and 
monitor. 
3.10 Discussion 
The identification of male copulatory behaviours is not as easy as 
suggested by the literature, and the occurrence of 'classic' patterns does not 
occur with unfailing regularity. The question then remains as to why it is 
that these behaviours are always referred to as stereotyped in the literature. It 
may well be that other researchers were also aware of these differences in the 
expression of male sexual behaviour but a combination of lack of publication 
space and the need to convey a clear description overrode the discussion of 
these differences. 
Another pos~ibility is that the scoring of behavioural events in real 
time pre~ludes the identification of deviations from the classic postures. 
Preliminary trials using two observers scoring events in real time led to the 
discarding of this strategy. Review of video tapes in real time shows that 
classic postures are indeed recognisable and stand out quite clearly in the 
behavioural flow. In an informal series of tests an observer naive to the 
study of male sexual behaviour was given the above description of 
behaviour with relevant line drawings. This observer was then given video 
tapes to view and was able to spot these classic postures with unfailing 
regularity although any deviation resulted in non-identification of a 
particular behaviour. This suggests that the failure to report deviations and 
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individual styles in copulatory behaviour by male animals is due to the use 
of real time recording techniques. While the failure to correctly identify 
behaviours has obvious ramifications in terms of interpretation of normal 
behaviour patterns, and those alterations in pattern caused by experimental 
manipulation, there is another aspect which might be considere£1. . 
. 
The recognition of deviations from classic postures does~ot provide 
problems for the interpretation of events in terms of models of copulatory 
behaviour. The lack of recognition of the diversity of male behaviour does 
however diminish our recognition of the complexity of this fundamental 
process. Additionally, failure to report subtle differences can lead to a failure 
of the observational method in providing the nuance of understanding 
which students of animal behaviour require as an informational substrate in 
the design and implementation of conceptual and hypothetical frameworks 
of behaviour. The view that male sexual behaviour is 'stereotypic' carries 
with it the unfortunate connotation of rigidity and repetition. It is suggested 
that the continuing use of classic behavioural postures without reference to 
differences from that norm is both misleading and erroneous. 
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Chapter 4: Experiment 4 - The copulatory behaviour of sexually naive males 
injected with physiological saline in the vibrissa! pads and paired with 
females displaying six different levels of precopulatory behaviour 
. 
4.1 Introduction -·-:;- . 
The aim of this particular experiment was twofold. At the time of this 
study no single experiment had been carried out which examined the 
copulatory behaviour of virgin male rats paired with different female types. 
Also, the analysis of behaviour of males gathered in this work would 
provide a suitable control group for later experiments involving injection of 
lidocaine into the mystacial pads as well as other control experill!ents using 
both naive and sexually experienced males. 
Although experiments have been carried out using different female 
types to assess male copulatory performance (Hlinak and Madlafousek, 1972, 
1980, 1982, 1983; Hlinak, Madlafousek and Mohapelova, 1979; Madlafousek 
and Hlinak, 1980; Madlafousek, Hlinak and Beran, 1976), at the time of this 
study, no experiment had been carried out which gave a full analysis of the 
copulatory behaviour of sexually naive males paired with different female 
types. 
Chapter 3 has shown that initiation of copulatory behaviour is 
dependent on female type as well as rearing. Chapter 3 has also described the 
method of rearing adopted in this study which is based on that of previous 
researchers who have studied initiation and maintenance of copulation in 
naive male rats (Hlinak and Madlafousek, 1972). 
The administration of oestradiol and progesterone has differential 
effects on the emission of female precopulatory behaviour as a function of 
strain and repeated administration (Hlinak, 1975). It was reasoned that by 
using the same type of subjects (Wistar) and inducing female types of the 
kind used by other researchers (Madlafousek and Hlinak, 1977) it would be 
possible to assess the role of female (if any) in the initiation and maintenance 
of copulatory behaviour in naive males. It was further felt that males 
injected with saline in the mystacial pad may not function in the same way 
as males which had not been given any prior experimental treatment i.e. 
'untreated '. In order to assess this possibility, several measures of copulatory 
behaviour gathered from this experiment were compared with that provided 
by other researchers. 
One of the aims of this experiment then was to conduct a large study 
which might provide information about the effect of various female types on 
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the copulatory behaviour of males during their first sexual encounter. 
Secondly, The analysis of the copulatory performance of virgin males paired 
with different female types provides a suitable baseline for the comparison of 
sexual behaviour displayed by males injected with lidocaine in the mystacial 
pads (Experiment 5). Additionally, the behaviour of saline treat~d males 
. 
provides a suitable reference point for Experiments 6 and 7 w~h examine 
the behaviour of males injected with lidocaine or saline either m the 
masseter muscle or intraperitoneally. Finally, the behaviour of saline 
injected naive males can be used as a comparison with Experiments 8 and 9 
which examine the behaviour of sexually experienced males injected with 
lidocaine on their second and fourth copulatory experience. 
4.2 Abbreviations 
The following abbreviations will be used throughout: Naive males 
injected with Saline in the vibrissa! pads paired with: 
Lordotic females = SL 
Presenting females = SP 
Presenting and hopping females = SPH 
Hopping females = SH 
Hopping and darting females 
Darting females 
4.3 Method 
4.3.1 Subjects 
=SHD 
=SD 
12 sexually experienced ovariectomised female Wistar rats (198 - 251 g) 
aged 123 days. 
24 sexually experienced male Wistar rats (408 - 464 g) aged 143 days. 
Males were used for pre-tests to determine female precopulatory state. 
72 sexually naive male Wistar rats (396 - 452 g) aged 100 - 104 days 
(mean 102 days) were used as experimental subjects. 
4.3.2 Housing, rearing etc. 
As described in Chapter 3. 
4.3.3 Experimental procedure 
As described in Chapter 3. 
4.3.4 Treatment 
Saline, (n = 72): 0.2 m1 of 0.9% physiological saline injected 
bilaterally into the rnystacial pads. 
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4.4 Results- Distribution of ejaculatory frequency 
Dewsbury (1975b) suggested that the statistic ejaculatory frequency (EF) 
can be misleading when tests are not run to a conventional criterion of 
exhaustion (e.g. Beach, 1942a; Brown, Freeman and McFarland, 1}}74; Larsson, 
1959). The termination of a test based on time duration rather tlt'<!n to sexual 
exhaustion or a previously determined number of series can obscure 
experimental effects which occur over time. For example, slow copulators 
will not achieve as many ejaculations as fast copulators in a time limited test; 
which may obscure measures which change as a function of time e.g. post-
ejaculatory interval shows a steady increase over time. 
The tests under examination were not run to exhaustion but, as has 
been previously argued, the use of a 90 minute session ensures tl'iat subjects 
will exhibit sufficient ejaculations for comparison with data gathered by 
other researchers. Table 4.1 shows the number of subjects ejaculating at each 
series during 90 minute trials and that on the whole sufficient ejaculatory 
values were obtained by subjects during the 90 minute trial session. The 
utilisation of EF has advantages in the comparison of data between different 
female pairings as well as when comparisons are made with previous 
studies. 
Table 4.1 Number of males ejaculating at each series paired with six different 
female types. 
Female Type Series 
1 2 3 4 5 6 7 8 9 
Darting 12 12 12 1 2 1 2 1 2 1 0 5 2 
Hopping & Darting 9 7 6 4 3 2 1 
Hopping 12 1 2 1 0 6 3 1 1 
Presenting & Hopping 1 1 1 0 9 7 7 7 4 2 
Presenting 12 1 2 1 0 1 0 9 4 2 1 1 
Lordotic 7 6 4 2 1 
Table 4.2 shows minimum and maximum values of EF as well as 
medians. Also presented are the number of subjects which failed to initiate 
copulation or failed to ejaculate once copulation had begun as well as the 
shape of each distribution of E as based on calculation of the Standard 
Deviation. 
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Table 4.2 Number of copulating males paired with 6 different female types. 
Ejaculations 
Female Type No Initiate No Ejaculations Min Max Median Distribution 
Darting 0 0 6 9 7.5 Normal 
Hopping & Darting 0 3 0 7 2.5 -+ ve 
Hopping 0 0 2 7 3.5 ;..:...J-~~ ve 
Presenting & Hopping 0 1 0 8 6 - ve 
Presenting 0 0 2 9 5 - ve 
Lordotic 2 3 0 5 1.5 - ve 
4.4.1 Initiation and ejaculation 
All males paired with the five groups of females displaying levels of 
precopulatory behaviour above that of lordotic initiated copulation. Two of 
the males paired with lordotic females failed to initiate copulation. One of 
the SPH males which initiated copulation failed to ejaculate, as did three 
SHD males, also three SL males failed to ejaculate. 
It seems that failure to ejaculate once copulation is initiated is not 
firmly coupled with female type as hopping and darting is a higher level of 
copulatory behaviour than presenting and hopping (Madlafousek and 
Hlinak, 1977). However, consideration of the SL data shows that males paired 
with lordotic females were the only group with both failure to initiate and 
failure to ejaculate. On the basis of this evidence it seems that the 
precopulatory behaviour of lordotic females (lowest precopulatory 
behaviour) does have an effect on initiation and ejaculation (Table 4.2). 
4.4.2 Minimum and maximum values of ejaculatory frequency 
While the initiation of copulation does not appear to show strong 
order effects as a function of female type, differences might be revealed by 
consideration of the minimum and maximum values of EF displayed by 
subjects paired with different females. 
It seems that, on the basis of minimum and maximum values of EF, 
SL males display the fewest ejaculations and that SD males evidence the 
most. No clear order effect seems to exist for males paired with other female 
types (Table 4.2). 
4.4.3 Statistical comparison of ejaculatory frequency 
Kruskal-Wallis comparison showed variance in EF between groups (H 
= 34.35, P< 0.001). Further comparisons by Mann-Whitney showed that SL 
males displayed a lower EF than SP males (U = 18, P< 0.001) SH males (U = 
18.5, P<0.01), and SD males (U = 27.5, P< 0.001). In addition the EF for SHD 
males was lower than that for SD males (U = 27.5, P< 0.001). 
From these results, it appears that lordotic females which display the 
weakest precopulatory behaviour and darting females which display the 
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strongest precopulatory behaviour have an effect on the EF of naive males. 
Precopulatory behaviour displayed by female types which lie between 
lordotic and saline do not appear to have any clear effect on E. It might be 
reasonably assumed that as strength of female precopulatory increased EF 
would also increase. This does not appear to be the case however as EF 
declines as female type increases, if this trend continued one wotild expect SL 
males to have a higher EF than SD males but this was not observed. 
4.4.4 Discussion of ejaculatory frequency 
No clear explanation can be given for this apparent 
inconsistency in distribution of EF as a function of female type. It may well be 
that one trial with naive males is not suitable as a means of assessing the 
total effect of female type. Repeated trials to exhaustion (e.g. Brown, Freeman 
and McFarland, 1974) might well reveal whether or not EF does -yary 
according to the type of female precopulatory behaviour. 
Alt~rnatively, it may be that when the behaviour of naive male rats is 
under consideration the application of normative interpretations is 
inappropriate. It may well be that female precopulatory behaviour has its 
most important function in the initiation and maintenance of male 
copulation rather than the induction of regular patterns. 
Brown, Freeman and McFarland (1974) have shown that when five 
repeated trials to exhaustion are administered to normal males (n = 20) the 
distribution of EF is approximately normal. It might be supposed that were 
the subjects in this experiment given such repeated trials each group might 
also return a normal distribution of EF. However, why an observance of 
normal distribution of EF should be of interest other than for subsequent 
statistical testing or the outline of theoretical perspectives (Beach 1967; 
Brown, Freeman and McFarland, 1974; Whalen, 1966) is unclear. 
Speculatively, it might well be that distribution of EF as measured by 
male behaviour might in fact be pointing out that males are learning to 
respond correctly to female control rather than exhibiting normative 
parameters of behaviour per se. Indeed, if male copulatory performance is as 
stereotyped in its display (as the literature suggests) it is surprising to note · 
that normal distributions are the exception rather than the rule. Were the 
male to play as dominant a role as is usually ascribed (Dewsbury, 1982), the 
absence of a normal distribution would be a matter for comment rather than 
the rationale for the use of subsequent nonparametric analysis (Beach and 
Jaynes, 1956; Dewsbury, 1966; Larsson, 1959). The observation that EF is 
approximately normal when sexually naive males are paired with darting 
females might well reflect the control of male copulation by the female's 
precopulatory performance. 
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4.5 Results- Mount latency and intromission latency 
4.5.1 Mount latency 
Mount latency (ML), is the latency in seconds from the stru;t of the test 
to the first mount or intromission. ML showed significant variatlce between 
groups (.Kruskal-Wallis, H = 18.37, P< 0.01). Subsequent analysis using Mann-
Whitney showed no significant differences between groups. 
If one of the effects of female precopulatory behaviour was to enhance 
the motivation of the male to begin copulation it would be expected that ML 
would vary as a function of female type. However, mount latency does not 
vary as a function of female type except that males paired with darting 
females clearly initiated copulation faster than any other group (Table 4.3). 
Table 4.4 shows the values of ML as a function of series. Because of the 
small number of subjects in each cell for each condition, data from all 
subjects was put together as a function of series. Also, because of small N's, it 
was not possible to carry out any statistical tests. However, consideration of 
the data should allow an assessment of how ML varies across series. 
Table 4.3 Effect of female type on latency to begin copulation in saline treated 
males. 
Female Type Mount Latency Intromission Latency 
Darting 406 511 
Hopping & Darting 202.3 210.2 
Hopping 213 259 
Presenting & Hopping 373 409 
Presenting 443 738 
Lordotic 166 1 81 
Table 4.4 Mount and intromission latency as a function of ejaculatory 
frequency (EF). 
Subjects Mount Latency Intromission Latency 
4 260.04 368.86 
8 352.75 389.01 
1 0 663 .02 458 .12 
6 444.1 498.13 
8 211.64 211.64 
8 264 362.34 
8 192.24 258.02 
7 96.72 124.58 
3 1 72. 11 191.57 
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It has been shown that EF is affected by female type, and, although no 
statistical comparison is possible, it seems that female type does have an 
effect on ML as the majority of subjects which had the shortest ML came 
from the group of males paired with darting females (SD). While no clear 
picture of ML as a function of female type seems evident, it appe~s that 
when males are paired with females displaying the highest levar:-of 
precopulatory behaviour, they will not only achieve a higher ejaculatory 
frequency than other males but will initiate copulation faster. 
4.5.2 Intromission latency 
Intromission latency (IL), is the period in seconds from the start of a 
test until the first intromission. 
Table 4.3 shows IL for all groups. IL showed a difference between 
groups (H = 19.01, P< 0.01). Further comparisons by the Mann-WJtitney test 
showed that SL males had a longer IL than that of SD males (W = 86, P< 
0.005), and SH males showed a longer IL than that of SD males (W = 105, P 
0.01). Table 4.3 shows that for males paired with female types excluding 
lordotic and darting there appears to be a dear increase in IL as intensity of 
female precopulatory behaviour increases. 
Even though these ILs' showed a trend based on female type, SD males 
have an IL of 181 which is the shortest and SL males show an IL of 511 which 
is intermediate to SH (409) and SHD (738) males. As with ML, these 
differences also apply when mean, maximum and minimum values are 
considered (Table 4.3). No clear difference in latency to begin copulation 
occurred although SD males appear to be the fastest to begin copulation. 
Table 4.4 shows the values of IL as a function of series. As with ML all 
groups were combined as a function of EF. When IL as a function of EF is 
considered, there is a steady increase in IL as EF goes up. From series one to 
four the median IL rises, at series five there is a sharp drop in IL. From series 
six to nine however IL decreases as a function of EF. 
This finding is interesting because Brown, Freeman and McFarland 
(1974) found that IL was longest for poor performers, and decreased as EF 
increased up to an EF of eight. The distribution of IL, based on female type, is 
the same as that for ML and again it appears that female type does have an 
effect as males paired with darting females have the shortest IL. In addition, 
they also display the most ejaculations. 
4.5.3 Discussion of mount and intromission latency 
As the distribution of the data under consideration is skewed and the 
N's which fill individual values of EF is small, it is not particularly easy to 
offer a coherent picture of ML and IL. The presence of outliers in the data 
also adds to the variation in data, making it difficult to comment on mean 
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values. However, when the data presented above and produced in Tables 4.3 
and 4.4 is taken into account it seems that differences are evident for naive 
males paired with females displaying the lowest and highest forms of 
precopulatory behaviour. 
The only clear differences which emerge from these meas!Jres is that 
' 
males paired with darting females are the fastest to initiate and ~gin the 
intromissive pattern of copulation as measured by ML and IL, wherea males 
paired with lordotic females are the slowest. The trend in ML and IL as a 
function of EF is heartening as it provides support for the contention that 
certain parameters of male copulatory behaviour are evident at the first 
copulatory experience. Also, this information provides support for the 
contention that the injection of saline into the vibrissa! pads does not have 
an effect on male sexual behaviour which would preclude the use of this 
data as the only control for the effects of intramystacial injection of lidocaine. 
4.6 Results- Mount frequency 
Mount frequency (MF), is the number of mounts without 
intromission in each ejaculatory series. Figure 4.7 shows the number of 
mounts per ejaculatory series exhibited by males paired with different female 
types. No differences in the number of mounts shown by males were found 
in the first ejaculatory series. 
There was, however, significant variance between males of the second 
series (Kruskal-Wallis, H = 12.6, P <0.05) where SP males exhibited more 
mounts (8) than SD males (2) (Mann-Whitney, W = 199.5, P< 0.000). Variance 
between groups was also detected at the third series (Kruskal-Wallis, H = 
14.52, P< 0.02) where SH males displayed more mounts (18) than SP males 
(4.5) (Mann-Whitney, W = 133, P< 0.005). There are thus no clear differences 
in MF between males paired with different female types. 
Mount frequency is reported to follow a U shaped function from 
initiation to exhaustion in sexually experienced male rats. The highest 
number of mounts ws shown in the first series, MF is reduced on the second 
and then increases as exhaustion approaches (Brown, Freeman and 
McFarland, 1974). 
Figure 4.7 shows a graphical representation of median values for 
males paired with different female types. It can be seen that at least from 
series 1 to series 2 a drop in MF is observed and a rise in MF from series 2 to 
3. The number of mounts exhibited over series shows that except for SP 
males more mounts were expressed in the first series than in the second. 
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4.6.1 Total number of mounts across all series 
No differences in the minimum or maximum number of mounts 
expressed during a series was found. The largest number of mounts recorded 
for an ejaculatory series were shown by an SL male (85) although no clear 
trend in the other groups could be discerned. _ 
4 .. 6.2 Discussion of mount frequency ,J ..
No meaningful statistical difference was detected in the number of 
mounts displayed by males paired with different female types. An 
assessment of graphical representation of data shows that when median 
values are examined the first two stages of female type are reflected in the 
behaviour of males but that no clear distinctions between the other female 
types is clearly evident. It might be tentatively argued that the number trend 
observed supports differences due to female type. 
4.7 Results - Intromission frequency 
Intromission frequency (IF), is the number of intromissions in an 
ejaculatory series. Figure 4.14 shows the median values of intromissions for 
each ejaculatory series of males paired with different female types. No 
differences between the different female pairings in the number of 
intromissions displayed by males was found until Series 3 (Kruskal-Wallis, 
H = 17.5, P< 0.01). SP males (5) had a lower IF than that of SPH males (6) 
(Mann-Whitney, W = 67, P<0.005). SH males (8) displayed a higher IF than 
that of SD males (5) (Mann-Whitney, W = 97, P<0.005). It seems that no clear 
cut difference in IF exists as a function of female type. 
Intromission frequency shows a decrease from the first series to the 
second and thereafter remains relatively stable although the curve can be 
described as a rough reversed J (Brown, Freeman and McFarland, 1974). 
Figure 4.14 shows quite clearly the drop in the number of ejaculations 
following the first ejaculation. The data for SH males is interesting as it does 
not appear to follow any stable level after the second ejaculation but rises 
steadily to the sixth series. SL males also display a sharp rise after the second 
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series with a steady decrease to the last recorded ejaculation. It is interesting 
to note that all groups show a very clear drop in the amount of 
intromissions as sexual exhaustion approaches. 
4.7.1 Total number of Intromissions 
Evaluation of the smallest and lar?est number of intro~ssions 
shown in an ejaculatory series showed no differences. Median .y3..Iues also 
showed no effect of female type. 
4.7.2 Intromissions per ejaculation 
All groups show a reduction in intromissions on the sec<;>_nd series and 
consistent reductions in intromissions to ejaculation can be observed in all 
groups (Beach and Jordan, 1956; Brown, Freeman and McFarland, 1974; 
Larsson, 1959). 
Brown et al. (1974) found that when IF per ejaculatory series was 
considered, males with higher E's did not exhibit less intromissions. IF 
appears to vary very little as a function of E. Males with an EF of one and two 
had an IF of 7.5 while males with an EF of three and four had an IF of 6 and 
6.5. Males with E's from five to eight had IFs' of 6 and males with an EF of 
nine had an IF of 5. This data supports the findings of Brown et al. in that IF 
does not vary as a function of E. 
4.7.3 Discussion of intromission frequency 
Evaluation of number of intrornissions expressed in each ejaculatory 
series showed that there is no clear cut relationship between female type and 
this measure. The comparison of data from this experiment with that of 
other researchers shows that the effect of saline injection into the vibrissa! 
pads appears to have no effect on number of intromissions. The sharp drop 
in intromissions after the first series closely follows that of untreated 
animals. 
Interestingly, however, the number of intromissions expressed by 
males paired with hopping females. The evidence of a U shaped curve in the 
data does not coincide with previously described norms. The data gathered 
from these subjects was collected during an experimental sequence which 
lasted about 6 months. It appears unlikely that the effects observed could be 
due to any effects of seasonal variation. Re-examination of the relevant 
video tapes showed that the females were definitely hopping and no 
evidence of any other precopulatory behaviour was found. 
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4.8 Results- Ejaculation latency from first intt·omission 
Ejaculation latency (EL), is the time from the first intromission of a 
series to its terminal ejaculation expressed in seconds. Significant variance 
was found across groups during the first series (Kruskal-Wallis, ti = 11.66, P< 
0.05). However, no significant difference between any of the grotips was 
found on further comparison by the Mann-Whitney test. 
In series 3,variance between groups was found (Kruskal-Wallis, H = 
21.9, P<0.001). Further testing with multiple comparison Mann-Whitney 
tests revealed that SD males ejaculated faster than SH males (W = 25, 
P<0.005) and SL males (W = 25, P<0.005) and that SP males ejaculated faster 
than SH males (W = 89, P<O.OOS). 
In series one SL males took the longest time to ejaculate (1029 secs)_ 
while SD males ejaculated fastest (310.3 secs). This data suggests that the 
males paired with the two extreme female types (lordotic and darting) show 
the clearest differences while intermediate groups show no clear female 
order effect. 
Data for series 3 shows that SL males took longest to ejaculate (391 
secs) and that SD males were the quickest (137.2 seconds). Although 
significant differences between groups were found as described above, there 
was no clear pattern in ejaculation latency as a function of female type. 
4.8.1 Graphical analysis 
EL displays a U shaped curve being high on the first ejaculatory series 
low on the second and increasing as exhaustion approaches (Brown, 
Freeman and McFarland, 1974). Figure 4.21 shows that except for SL and SH 
males EL does appear to have a U shaped function from series one to five. 
The significant difference in EL detected in series one, is clearly shown in this 
figure and it can be seen that SL males are very distinctly grouped at this 
point. The difference at series three between SL and SD males can also be 
seen. This figure also shows that no clear differences occur as function of 
female type except those between females displaying the lowest and highest 
levels of precopulatory behaviour. 
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4.9 Results- Mean interintromission interwral 
Mean interintromission interval (MIII), is the mean interval 
separating the intromissions of a series. Significant differences between 
groups for copulatory pace were found. These differences occurr~d during the 
..._-.;.,-
first, second and third series (Kruskal-Wallis; H = 17.81, P<0.01; H = 11.84, 
P<0.05; H = 13.19 P< 0.05). However subsequent multiple comparisons using 
Mann-Whitney yielded no significant differences. 
In series one SL males were intromitting faster (50) than SD males 
(65.94). These clear differences between SL and SD males are also displayed at 
series two and series three. In series two, SL males were again copulating 
faster (43.18) than SD males (71.43). At series three this pattern was again 
repeated with SL males copulating faster (48.53) while SD males copulated 
slower (65). 
Brown, Freeman and McFarland (1974) found a significant decline in 
Mill between the first and second ejaculatory series, a feature not evident 
when data from this experiment is considered. 
4.9.1 Graphical analysis 
Figure 4.28 shows a graphical representation of Mill for males paired 
with different female types. On the whole there is a drop in Mill after the 
first series although Mill increases towards the end. 
4.9.2 Discussion of mean interintromission interval 
On the whole no clear differences in Mill appear except for a reduction 
between the first and second series as well as no difference in Mill as EF 
increases. These results support the findings of Brown et al. (1974). 
4.10 Results- Post-ejaculatory interval 
Post-ejaculatory interval (PEI) is the time from ejaculation to the next 
intromission which begins a copulatory series. 
Significant differences between groups were found during the first 
series (Kruskal-Wallis, H = 12.99, P<0.05) although multiple comparisons by 
Mann-Whitney test failed to show any significant differences. 
There is a clear linear trend for an increase in PEI as exhaustion 
approaches (Brown, Freeman and McFarland, 1974). Figure 4.35 shows that 
this is indeed the case. The tight grouping of PEI over series one to five for all 
groups is particularly striking. 
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4.11Discussion 
4.11.1 Resume of experimental results 
When measures of male copulatory behaviour are considered as a 
function of female type, the following information was obtained. No clear 
differences exist when ejaculatory frequency is considered excep~!that males 
paired with females displaying the least inense precopulatory oel;:aviour 
(lordotic) initiated sexual activity to a lesser degree than all other groups, and 
had the lowest ejaculatory frequency. Males paired with females displaying 
the most intense form of precopulatory behaviour (darting) had the highest 
number of ejaculations. 
Males paired with females displaying darting took the shortest time to 
initiate and begin copulation as measured by mount and intromission 
latency. Once copulation had begun males paired with darting females 
mounted less than all other groups. No effect of female type was found in 
the number of intromissions exhibited by males during copulation. 
During the first series males paired with lordotic females ejaculated 
the slowest while males paired with darting females ejaculated the fastest. 
During the first three series males paired with lordotic females intromitted 
faster than all other groups, while males paired with darting females 
intromitted the slowest. An order effect of female type was found. 
These data show that lordotic females slow down the initiation of 
male copulation which once begun leads to failure to intromit and thus 
require more intromissions to ejaculation. Darting females cause males to 
initiate and begin copulation quickly and to have more successful attempts at 
intromission which leads to more ejaculations than any other group. 
Lordotic and darting females emit precopulatory behaviour which has the 
effect of retarding or enhancing the appearance and maintenance of male 
copulatory behaviour. 
These results concur with those of lllinak and Madlafousek (1972) 
who found that a darting female is more effective than a presenting female 
in inducing copulatory behaviour of sexually inexperienced male rats. This 
shows that injection of saline into the vibrissa! pads does not impair 
performance of males during their first copulatory experience. The 
agreement of data from this experiment with that of other researchers shows 
that suitable baselines have been established for all groups. These normative 
parameters allow the data to be used as a comparison with data gathered 
from other experiments involving injection of lidocaine and saline. 
4.11.2 Initiation of copulation 
Of all the different female type pairings, only two lordotic paired males 
failed to initiate copulatory behaviour. The finding of 100 per cent initiation 
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of copulation in males paired with females displaying precopulatory 
behaviour from presenting through to darting is, indeed, intriguing. 
As we have seen in Chapter 3 the method of rearing employed in this study 
was that which will produce the highest percentage of naive copulators 
(Hlinak and Madlafousek, 1971). In Chapter 3 we saw that rea~ from birth 
under reversed light ensured 45% copulation in males paired ~h 
presenting females. Of males paired with hopping females 78% initiated and 
99% of darting paired males began copulation (Hlinak and Madlafousek, 
1971). 
As the method of rearing was identical, it is interesting to speculate as 
to why this present study generated 100% copulation in naive males. It might 
be that the Wistar strain used in this study differs in some way from the 
Wistar strain used by Hlinak and Madlafousek (1971). Alternatively, it could 
be the method of handling and care employed in the raising of subjects in 
this study. While no comment can be made on possible strain differences 
between the Wistars used in this study and those used by Hlinak and 
Madlafousek (1972), it may be of interest to look at the rearing conditions in 
this laboratory. 
Animals were disturbed very little during rearing. Apart from the 
experimenter only two other people had any access to the animals. Food and 
water supplies were checked daily although water levels and food were re-
stocked every two days. Every Monday, cages were cleaned and water bottles 
washed and replenished. This task was usually carried out as a combined 
effort by all three persons and was completed within two hours. Thus, 
animals were rarely, if ever, disturbed for more than 60 minutes each day 
(including experimental testing) by the presence of humans in addition to 
the fact that the holding room was situated in a quiet position within the 
department. Although a 12/12 day/night cycle was used it should be noted 
that during the lights off phase a very small amount of light penetrated the 
holding room through a louvre in one of the entry doors. While not 
wishing to enter into an unscientific elaboration of the strength of this light 
personal observation showed that after about 10 minutes dark adaptation it 
was possible to see around the holding room and into the cages. When entry 
was made to the holding room during the dark period a low wattage red light 
was always used. 
The holding room where all subjects were born and weaned can be 
described as having 'intimate' proportions (5 metres by 1.7 metres). This was 
an advantage in the maintenance of a constant level of heat, as outlined in 
Chapter 3. Handling of subjects was carried out during cleaning, culling etc. 
as well as during the pre-experimental stage. Laboratory workers always used 
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the same cleaning substance to wash their hands (Hibiscrub) and no strong 
lotions (e.g. aftershave) were worn. During the post weaning and pre-
experimental stage all experimental animals were handled by the 
experimenter on a regular basis. This consisted of opening cage lids and 
inserting a hand _so that rats could investigate. Also, rats were ~-1moved from 
cages and handled. ~ 
While the importance of genotypic influence on the sexual behaviour 
of males is noted (e.g. Dewsbury, 1975a) it is suggested that mode of rearing is 
also important in the preparation of subjects for tests of sexual behaviour. 
4.11.3 Differences in copulation as a function of female type 
The non-appearance of distinct effects on male copulatory behaviour 
as a function of female precopulatory behaviour in groups other than 
lordotic and darting is intriguing. Female precopulatory behavioJir has an 
effect on the behaviour of males reared under different conditions (e.g. 
Hlinak and Madlafousek, 1972). Also, Madlafousek, Hlinak and Beran (1976) 
have shown that when experienced males are paired with either presenting 
or darting females post-castration the usually observed decline of behaviour 
is altered as a function of female type. Those males paired with darting 
females continue copulation longer post-castration (8 weeks) while those 
paired with presenting females continue for only five weeks. 
Interestingly, Madlafousek et al (1976) speculate that previous post-
castrational effects on male sexual behaviour observed by Davidson (1966) 
were in fact due to female type. Briefly, Davidson (1968) observed differential 
effects in male sexual behaviour in two separate groups which may have due 
to the injection of oestradiol only in one group of females and oestrogen and 
progesterone in the other. As we have seen this would have led to induction 
of lordotic and presenting females. 
Hlinak and Madlafousek, (1982) found that female type has an effect 
when sexually experienced castrated male rats are implanted with 
testosterone-filled silastic capsules and then paired with oestrous females. 
Those males paired with darting females will exhibit precopulatory 
behaviour and initiate copulation whereas those paired with lordotic 
females did not. Thus far, this brief review of the literature indicates that 
female precopulatory behaviour has an effect on males which are in what is 
perhaps best described as a suboptimal 'state' (i.e. rearing conditions, presence 
or absence of testosterone). 
As we have seen above, the behaviour of sexually inexperienced 
males, while conforming to known parameters of copulatory performance, 
does not always show these 'classic' patterns in a well defined fashion. It has 
suggested that when the behaviour of sexually inexperienced males is under 
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investigation, the application of normative interpretations may oe 
inappropriate. More specifically, it has been suggested that female 
precopulatory behaviour has its most important function in the initiation 
and maintenance of male copulation rather than the induction of regular 
patterns. 
- ! 
If the pre-experimental'state' of the male is defined as tl\e?presence or 
' 
absence of copulatory experience this makes it possible to assess female role 
in copulation by using precopulatory behaviour as an independent variable. 
Madlafousek, Hlinak and Beran (1976) have suggested that it is the initiation 
rather than the performance of copulations that is dependent on the 
intensity of external stimuli. Also, Madlafousek et al op cit have suggested 
that the intensities of external sexual stimuli can be conceived as additive 
codeterminants which are able to compensate for any deficiency in other 
determinants of the male's sexual behaviour. 
The successful outcome of sexual behaviour for the female consists of 
successful impregnation by the male. This is perhaps best ensured by the 
emission of behaviour which ensures the rapid initiation of copulation in all 
males encountered and selected as suitable partners. Once copulation has 
begun emission of appropriate behaviour might well ensure the 
maintenance of regular intromissive patterns important to ensure successful 
impregnation. Finally, the maximum number of ejaculations possible must 
be elicited from that partner in order to secure successful impregnation. 
It could be argued that when 'state' of the male is taken in its broadest 
context (e.g. experience, testosterone) then the strength of effect of female 
type is dependent on the particular suboptimal condition of the male. In this 
particular case it is suggested that when suboptimal males (naive) are placed 
with females displaying suboptimal levels of precopulatory behaviour 
(lordotic), the initiation and pattern of male copulation is disrupted. When 
naive males are paired with presenting females the external sexual stimuli of 
these animals is able to initiate and maintain male copulatory behaviour. 
It may well be that when the condition of sexual naivete is considered 
the presenting type of precopulatory behaviour is sufficient and that 
precopulatory behaviour which is 'stronger' (i.e. presenting and hopping, 
hopping, hopping and darting) will have no clear effect on male sexual 
behaviour. The behaviour of darting females however may provide such 
strong sexual stimuli that this will affect the male (when viewed as an 
additive codeterminant) to produce more ejaculations. 
117 
Chapter 5: Experiment 5 - The copulatory behaviour of sexually naive males 
injected with 1% lidocaine in the vibrissa! pads and paired with females 
displaying five different levels of precopulatory behaviour 
5.1 Introduction .-! 
Although no a priori hypothesis was made about the ~-et of 
perioral anapsis on male copulation it was entirely possible that the observed 
result might be dependent on the precopulatory behaviour of the female. 
Experiment 4 has shown that the parameters of copulation of sexually naive 
males injected with saline in the vibrissa! pads are affected by the stimuli 
evidenced by females displaying different forms of proceptive behaviour. 
Experiment 4 has also demonstrated that when saline is injected into the 
mystacial pads of sexually naive males their copulatory parameters are not 
different from that of animals used by other researchers. 
As seen in Experiment 4, female type has a differential effect on the 
copulation of naive males. Of the six female types used those displaying the 
weakest (lordotic) and strongest (darting) forms of precopulatory behaviour 
had the most distinct effects on the parameters of male copulation. Males 
paired with lordotic females were less likely to initiate copulation and, those 
that did, achieved fewer ejaculations than any other group. Those males 
paired with darting females all initiated copulation and achieved more 
ejaculations than any of the other groups. Males paired with the four levels 
of female types between lordotic and darting (presenting and hopping, 
hopping, hopping and darting) did not show an effect of increasing intensity 
of female type in their copulatory parameters. If female precopulatory 
behaviour did have a role to play in the copulation of anaptic males a 
strategy had to be devised as to the order in which males were to be paired 
with females displaying different levels of precopulatory behaviour. 
At first sight it seemed that the best way to begin the experiment was 
to start with either lordotic or darting females as these produced the most 
easily identifiable profiles of male copulatory parameters (Experiment 4). 
Closer examination of this potential strategy indicated that neither lordotic 
nor darting females would be a good choice for an initial evaluation. Darting 
females were not suitable for an initial evaluation because of the difficulty 
involved in the regular elicitation of this behaviour as described in Chapter 
3. In comparison to darting females, the induction of precopulatory 
behaviour at the lordotic level did not present problems. However, were an 
effect to be observed as a result of perioral anapsis in naive males paired with 
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lordotic females, it might be masked by the low levels of initiation and 
maintenance observed in the pairing of saline injected males with lordotic 
females. Experiment 4 showed that of 12 males paired with lordotic females 
two failed to initiate and three of the ten initiators failed to ejaculate. 
Additionally, the seven copulators displayed the lowest ejacula~n 
frequency of all female type pairings (median = 1.5). The ma~e of any 
effect of perioral anapsis could not be predefined experimentally and if 
anapsis did prove to interfere with either initiation or maintenance of 
copulation it would be extremely difficult to disentangle this information by 
comparison with data gathered from saline injected males paired with 
lordotic females. 
Because of these potential problems with the analysis of male 
copulatory behaviour it was decided to conduct the initial assessment of the 
effects of perioral anapsis by pairing subjects with females displaying the 
presenting level of precopulatory behaviour. Experiment 4 found that males 
paired with presenting females showed 100% initiation and ejaculation 
(median 5 ejaculations) it was felt that the use of this female type in the first 
part of this experiment would be suitable for evaluation purposes. 
Experiment 4 found that copulatory parameters of sexually naive males 
injected with saline were comparable to normative data from other studies. 
It was reasoned that if males paired with presenting females showed 
no alteration in copulatory performance as a result of perioral anapsis then it 
would be reasonable to investigate the effect of pairing males with lordotic 
females. If however, an effect on sexual performance with presenting 
females was found then the use of higher grade females would be made first 
before assessing the effect of pairing with lordotic females. 
As described above, anaptic males paired with presenting females 
did not initiate copulation with either presenting, hopping, or hopping and 
darting females. In the light of these findings it was decided that the pairing 
of sexually naive males with lordotic females would serve no useful 
purpose. 
5.1.1 Evaluation of data based on initiation of copulation 
Chapter 3 has presented an explanation of why this particular 
experiment used session lengths that were dependent on the behaviour of 
males. It was reasoned, that if perioral anapsis did have an effect on male 
copulation, the duration of this effect, is likely to follow that observed in 
Experiments 1 and 2. If this was the case then it was likely that any disruption 
would cease at around 45 to 60 minutes into the experimental session. 
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It was decided that, if an effect on copulation was observed that 
appeared to be dependent on perioral anapsis, the session length would be 
extended. This extension of the experimental period would enable an 
evaluation of copulatory performance both before and after perioral anapsis. 
Extension of the experimental session would also give a time p~od of 
copulatory parameters for lidocaine injected males comparable~ that of 
their saline controls. 
Application of this protocol resulted in an experimental session 
length of 90 minutes for those lidocaine injected males paired with 
presenting, presenting and hopping and hopping females (noncopulation 
during and after perioral anapsis). As lidocaine injected males initiated 
copulation with hopping and darting and darting females the extension of 
session length meant that, for these two groups, video records of -180 minutes 
were available. 
Chapter 3 described the differences in interpretation that may arise 
between experimental sessions that are based either on time or on a 
predetermined number of ejaculations occurring. It was argued that 
employment of a time based strategy was the best way to achieve an 
evaluation of parameters of male copulation. 
Even though the extension of the experimental session to 180 
minutes for males paired with hopping and darting and darting females was 
decided in advance, there are some criticisms of this strategy. Firstly, the 
observation period for all saline injected males paired with females 
displaying varied levels of precopulatory behaviour in Experiment 4 was 90 
minutes. Sexually naive, saline injected males displayed copulatory 
parameters similar to those observed by other researchers. This finding 
meant that data from Experiment 4 could be used as a suitable control for 
comparison with lidocaine injected males. 
The comparison of data between saline controls and lidocaine 
injected males paired with females displaying presenting, presenting and 
hopping and hopping precopulatory behaviour presents no problem as 
lidocaine injected males did not copulate with these females. 
With hopping and darting females it was found that copulation 
began at a time when the anaesthetic effects of lidocaine might be presumed 
to be absent at 45 to 60 minutes into the experimental session. On this basis, a 
comparison between lidocaine injected males paired with hopping and 
darting females and their saline controls would require a period of 90 
minutes from the initiation of copulation. Assuming that perioral anapsis is 
no longer present at 45 minutes the amount of data from the 180 minute 
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recorded session length that is used for comparison should be 135 minutes 
(45 minutes + 90 minutes). 
When the data for those lidocaine injected males paired with 
darting females that initiated copulation during the presence of perioral 
anapsis (n = 10) is considered, the comparison with their saline ~rtrols is 
straightforward. The first 90 minutes of the trial can be compar~o the 90 
minute period gathered from saline controls in Experiment 4. Evaluation of 
data from those males that initiated copulation with ~arting females in the 
absence of perioral anapsis (n = 2) can be accomplished by the addition of a 90 
minute period to the time at which perioral anapsis could be assumed to be 
no longer present i.e. (135 minutes). Thus, the addition of 90 minutes to the 
time at which perioral anapsis is no longer present (45 minutes), allows 
comparison of those males paired with hopping and darting and darting 
females that initiated copulation when perioral anapsis was no longer 
present with their saline controls. 
The use of a 135 minute period for the evaluation of copulation by 
previously anaptic males appears to provide a suitable framework for the 
comparison of data with that of saline controls. In addition, it seems that the 
use of a 90 minute period would allow the comparison of sexual 
performance between copulating anaptic males paired with darting females 
and their saline controls. However, there are potential problems with the 
application of these protocols to an analysis of copulatory patterns in 
lidocaine injected males. Firstly, the assumption that lidocaine induced 
perioral anapsis is no longer present in all males at 45 minutes. Secondly, 
that the parameters of males initiating copulation in the presence of perioral 
anapsis are not affected by the return of sensory information from the 
mystacial vibrissae 45 to 60 minutes into the experimental session. 
5.1.2 Presence and absence of perioral anapsis 
Experiments 2 and 3 determined the duration of perioral anapsis 
induced by intramystacial injection of 1% lidocaine as being present at 75 
minutes and absent at 90 minutes post-injection. While these results show a 
clear cut distinction in the presence and absence of perioral anapsis for 12 
subjects, they do not tell us whether or not all subjects regain perioral 
sensation at the same time. Neither do the results of Experiments 2 and 3 tell 
us precisely at which time perioral anapsis returns within the 15 minute 
interval between 75 and 90 minutes post-injection. It might well be that 
perioral sensation returns at either 76 or 89 minutes post-injection or that 
the time course of recovery is spread across the 15 minute period for all 
subjects. It is suggested that the latter time course of recovery is the most 
121 
likely in view of the method of injection which might well result in 
differential diffusion of lidocaine between subjects. It is of interest to note 
that Fink, Aasheim, Kish and Crowley (1975) using a palatal jig to inject 
lidocaine into the infraorbital nerve found an anaesthetic duration of 78.9 ± 9 
minutes. 
.-! 
The application of a 45 minute period into the experi~tal session 
as being the end-point of perioral anapsis is therefore arbitrary. The efficacy 
of the application of this protocol can only be evaluated by the study of data 
from individual animals that initiated copulation when perioral anapsis 
might be supposed to be absent. 
5.1.3 Copulatory parameters during and after perioral anapsis 
Comparison of males that initiate copulation both in the presence 
and absence of perioral anapsis within a 90 minute window may not give a 
full picture of their overall copulatory performance in comparison to saline 
controls. Of those anaptic males that initiated copulation with darting 
females, there is no a priori reason to suppose that copulatory parameters are 
unaffected either by the presence or absence of perioral anapsis. All or some 
of the constituent components of male sexual behaviour may be altered by 
perioral anapsis. If the loss of vibrissa! information alters components of 
male copulation, these effects must be examined both in the presence and 
absence of perioral anapsis. The presence of perioral anapsis may not alter 
the parameters of male copulation but that the resumption of availability of 
vibrissa! information can change the copulatory behaviour of males. 
The copulatory parameters of anaptic males initiating copulation 
can be examined in several different ways. Data gathered from the 90 minute 
period of copulation (anapsis present or absent) can be compared to that of 
saline controls. This enables an evaluation of whether the presence of 
perioral anapsis fails to affect the copulatory parameters of anaptic males 
paired with darting females. If no differences are observed in the parameters 
of copulatory initiation (i.e. mount and intromission latency) or pace (e.g. 
mount and intromission frequency) between these groups then it can be 
assumed that the presence or absence of perioral anapsis has no effect on 
these measures. 
If a difference is found between groups using these measures is 
found then the 90 minute experimental period can be divided into two. The 
first 45 minutes of copulation (anapsis present) can be compared to saline 
controls in order to see if an effect occurs as a result of perioral anapsis. The 
next 45 minutes of the experimental trial (perioral anapsis absent) can then 
be compared to that of saline controls so that an evaluation can be made as to 
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whether or not the resumption of vibrissa! information has an effect on 
male copulation. 
5.2 Abbreviations 
.- ! 
Naive males injected with lidocaine in the vibrissa! pads paire"Ct 
with: 
Presenting females 
Presenting and hopping females 
Hopping females 
Hopping and darting females 
Darting females 
=LP 
=LPH 
=lli 
=UID 
=LD 
Naive males injected with saline in the vibrissa! pads paired with: 
Hopping and darting females = SHD 
Darting females = SD 
5.3 Experimental methodology 
5.3.1 Subjects 
12 sexually experienced ovariectomised female Wistar rats 
(205 - 260 g) aged 173 days. 
24 sexually experienced male Wistar rats (420- 476 g) 
aged 152 days. These males were used for pre-tests to determine female 
precopulatory state. 
60 sexually naive male Wistar rats (400- 448 g) aged 
100 - 106 days (mean 103 days) were used as experimental subjects. 
5.3.2 Housing, rearing etc. 
As described in Chapter 3. 
5.3.3 Experimental procedure 
As described in Chapter 3. 
Application of the protocol based on initiation of copulation 
described above gave rise to the following experimental session lengths 
when anaptic males were randomly paired with the following female types: 
Presenting 
Presenting and hopping 
Hopping 
Hopping and darting 
Darting 
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= 90 minutes 
= 90 minutes 
= 90 minutes 
= 180 minutes 
= 180 minutes 
5.3.4 Treatment 
Lidocaine, (n = 60): 0.2 ml of 1% lidothesin injected 
bilaterally into the mystacial pads. 
5.4 Results - descriptions of copulatory behaviour 
Table 5.1 shows the percentage of males initiating copulation with 
different female types. No anaptic males initiated copulation when paired 
with the two pure female types (presenting, hopping) or the two mixed 
female types (presenting and hopping, hopping and darting). Of those 
lidocaine injected males paired with females displaying hopping and darting 
behaviour 50% (n = 6) initiated copulation when perioral anapsis was no 
longer present. Of those males paired with darting females displaying the 
highest level of precopulatory behaviour 83.33% (n = 10) initiated copulation 
when perioral anapsis was present. The remaining 16.66% (n = 2) initiated 
copulation when perioral anapsis was no longer present. 
Table 5.1 Percentage of subjects initiating copulation. 
Female Type Number Perioral anapsls Perioral anapsls 
PRESENT ABSENT 
Darting 1 2 83.33% 100% 
Hopping & Darting 1 2 0 50% 
Hopping 1 2 0 0 
Presenting & Hopping 1 2 0 0 
Presenting 1 2 0 0 
The disruption of sexual behaviour persists in males paired with 
females displaying presenting, presenting and hopping and hopping 
behaviour even when the neurological effects of lidocaine are no longer 
present. Males paired with hopping and darting and darting females will 
initiate copulation when perioral anapsis is no longer present. The effects of 
lidocaine on sexual performance are profound. While disruption of other 
sensory modalities i.e. vision (Hard and Larsson, 1968b); audition (Stone, 
1922,1923); olfaction (Heimer and Larsson, 1967) impair sexual performance 
they do not prevent its expression. 
The results of this experiment show that sensory information 
mediated via the trigeminal nerve is extremely important in the copulatory 
behaviour of sexually naive males. The effect of perioral anapsis is to abolish 
copulatory behaviour even with females displaying the highest intensity of 
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precopulatory behaviour. These results directly contradict the findings of 
Beach (1942a) who found that no one sensory modality was necessary for the 
initiation of copulation by sexually naive males. 
The analysis of the copulatory performance of males paired with 
hopping and darting and darting females will be dealt with in ~o distinct 
sections. Firstly, the copulatory performance of lidocaine inje~ males 
paired with hopping and darting females will be examined. This data will be 
compared with that from saline injected males which was gathered and 
reviewed in Experiment 4. 
Secondly, the parameters of lidocaine injected males paired with 
darting females will be compared with data from saline injected males in 
Experiment 4. 
Thirdly, males may not copulate with females displaying-levels of 
precopulatory behaviour ranging from presenting to hopping because of 
difficulty in orientation. This hypothesis will be examined using data from 
previous experiments as well as observations carried out during this study. 
Fourthly, it is possible that males failed to copulate because females 
did not display adequate levels of precopulatory behaviour during the entire 
session length. 
5.4.1 Males paired with presenting, presenting and hopping, hopping 
females 
No males paired with females displaying the precopulatory 
behaviour levels of presenting, presenting and hopping and hopping 
initiated copulation. Males did not initiate copulation even when tactile 
information had returned. 
5.4.2 Males paired with hopping and darting females 
Six of the 12 males initiated copulation from 50 minutes onwards 
during the 180 minute trial. The remaining six subjects did not initiate 
copulation. 
5.4.3 Males paired with darting females 
Ten males initiated copulation during the presence of perioral anapsis 
and two males initiated in the absence of anapsis. 
5.5 Results - Ejaculatory frequency 
5.5.1 Initiation of copulation 
No males paired with presenting, presenting and hopping and 
hopping females initiated copulation within a 90 minute experimental 
session. Of those lidocaine injected males paired with hopping and darting 
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femal~s (LHD) 50% failed to initiate copulation during the duration of a 180 
minute trial. Those six males which did initiate copulation began to do so 
from 50 minutes into the trial to 88 minutes. These males initiated 
copulation within five to 43 minutes after perioral anapsis was no longer 
present. However, all males injected intramystacially with salin~pnd paired 
- with hopping and darting females (SHD) initiated copulation ~n an 
experimental session (Experiment 4). 
All lidocaine injected males paired with darting females (LD) 
initiated copulation during a 180 minute experimental session. The 
initiation of copulation by LD males was however not uniform. Of the 12 
males 10 initiated copulation when perioral anapsis was present (2.4- 31.77 
minutes). The remaining two males initiated copulation when anapsis was 
no longer present (65.32 and 84.16 minutes). Saline injected males-paired 
with darting females (SD) all initiated copulation (Experiment 4). 
When initiation is considered, there were no differences between LD 
and SD males although fewer LHD males initiated than SHD, LD and SD 
males. This evidence coupled with the fact that no males initiated copulation 
with presenting, presenting and hopping and hopping females suggests that 
perioral anapsis has differential effects on initiation perhaps dependent on 
the type of precopulatory behaviour emitted by female partners. 
5.5.2 Ejaculation frequency 
Of those six (LHD) males that initiated copulation with hopping and 
darting females, all ejaculated at least once. This may be compared with the 
three SHD males that initiated copulation but did not ejaculate in 
Experiment 4. All twelve LD males that initiated copulation ejaculated. 
These results indicate that once copulation is initiated either during perioral 
anapsis (LD, n = 10) or after anapsis (LHD, n = 6; LD, n = 2), the ability to 
achieve ejaculation is not affected. 
5.5.3 Minimum and maximum values of ejaculatory frequency 
When minimum and maximum values of EF are considered more 
LHD males ejaculated than SHD males although the maximum number of 
ejaculations was fewer. 
Those 10 LD males that initiated copulation during perioral anapsis 
ejaculated with a minimum of one and a maximum of five ejaculations. 
This figure can be compared to their saline counterparts in Experiment 4 that 
had a minimum number of 6 ejaculations and a maximum of 9. It appears 
that LD males do not achieve the same minimum or maximum values of 
EF. Additionally, the maximum value of EF for LD males is achieved by only 
one subject whereas 10 of the 12 SD males achieved at least 7 ejaculations. 
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5.5.4 Statistical comparison of ejaculatory frequency 
5.5.4.1 Hopping and darting females 
No significant difference between the ejaculatory frequency of males 
injected with saline or lidocaine paired with hopping and darting females 
was found (Mann-Whitney, U = 27, P<O.lO). 
5.5.4.2 Darting females .- ! 
---"tb . 
Comparison of saline and lidocaine injected males paired with darting 
females showed a difference in ejaculatory frequency (U = 0, P<O.Ol). The 
reduction in minimum and maximum values of ejaculatory frequency for 
LD males would indicate that even though both groups were paired with 
females displaying the highest form of precopulatory behaviour those males 
injected with lidocaine were in some way performing at a lower level than 
saline controls. 
5.5.6 Discussion of initiation and ejaculatory frequency 
5.5.6.1 Presenting, presenting and hopping, hopping females 
No sexually naive males injected with lidocaine in the mystacial 
pads initiated copulation with females displaying those levels of 
precopulatory behaviour designated as presenting, presenting and hopping 
and hopping. Males did not initiate copulation with these female types 
during the presence or absence of perioral anapsis. This finding suggests that 
the induction of perioral anapsis has a twofold effect. Firstly, intramystacial 
administration of lidocaine inhibits the initiation of sexual behaviour of 
sexually naive male rats. Secondly, the induction of perioral anapsis 
prevents the initiation of copulation when anapsis is no longer present. 
5.5.6.2 Hopping and darting females 
As has been outlined previously LHD males initiated copulation 
when perioral anapsis was no longer present. Although fewer LHD males 
initiated than SHD males the observed ejaculatory frequency would indicate 
that when perioral anapsis induced by injection of lidocaine is no longer 
present those subjects that initiate are not affected in their display of normal 
copulation. This observation suggests that perioral anapsis induced by 
intramystacial injection lidocaine has a multiple effect on the copulation of 
sexually naive males paired with hopping and darting females. 
Firstly, it inhibits the expression of copulation in all virgin males 
paired with hopping and darting females. Secondly, intramystaciallidocaine 
inhibits the expression of copulation in 50% of males subsequent to the 
cessation of perioral anapsis. Thirdly, of those males that subsequently 
initiate copulation after perioral anapsis no effect on copulatory performance 
is observed. 
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5.5.6.3 Darting females 
The ejaculatory parameters of LD males are interesting because 10 of 
the 12 anaptic subjects initiated copulation with females showing the highest 
level of precopulatory behaviour and the remaining two initiated when 
perioral anapsis was no longer present. That LD males show a lo:~ver 
minimum and maximum number of ejaculations than their stlfule 
counterparts is also of interest. 
As with LHD males, these observations indicate a multiple effect of 
intramystaciallidocaine on the copulatory performance of sexually naive 
males paired with darting females. Firstly, perioral ~psis does not prevent 
the initiation of copulation by 83.33% of sexually naive subjects with darting 
females. Secondly, the remaining 17.66% of subjects initiate copulation when 
perioral anapsis is no longer present. Thirdly, the ejaculatory frequency of 
copulating males is reduced in comparison to their saline controls. 
5.5.6_.4 Summary 
Review of the points presented above for males intramystacially 
injected with lidocaine, indicates some commonalities in the data for 
initiation and ejaculatory frequency. Firstly, the initiation of copulation 
during presence of perioral anapsis appears differentiated only by female 
type. Males paired with females displaying levels of precopulatory behaviour 
ranging from presenting to hopping and darting do not initiate copulation. 
The majority of those males paired with darting females initiate copulation 
under perioral anapsis. 
Secondly, initiation of copulation in the absence of perioral anapsis 
is differentially affected by female type. Males paired with females displaying 
presenting to hopping do not initiate copulatory behaviour when anapsis is 
no longer present. Of those males paired with hopping and darting females, 
50% initiate copulation when anapsis is no longer present. 
Thirdly, female type has a differential effect on male ejaculatory 
frequency as a function of whether or not copulation is initiated in the 
presence of perioral anapsis. Males paired with hopping and darting females 
that initiate copulation when anapsis is no longer present show ejaculatory 
parameters comparable to saline controls. Those males paired with darting 
females that initiate copulation during the presence of perioral anapsis show 
a decrease in the number of ejaculations performed. 
Fourthly, the initiation of copulation by males may not only be 
dependent on female type but might be due to individual reactivity. Not all 
males copulate with hopping and darting when perioral anapsis is absent. 
Not all males copulate with darting females in the presence of anapsis but do 
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so when anapsis is absent. 
Fifthly, possibly female type as well as individual male reactivity 
interacts in some way to give the results observed for males paired with 
hopping and darting and darting females. 
Finally, the observation that loss of sensory information/rom the 
mystacial vibrissae prevents initiation of copulation by males i~urprising. 
That this inhibition of copulation may be overcome by the proceptive 
behaviour of the female is startling. It has previously been suggested in 
Experiment 4 that sexual naivete by the male may be interpreted as a 
situation which renders the male into a suboptimal state prior to copulation. 
It was further argued that the differential levels of female precopulatory 
behaviour are able to overcome this suboptimal state and induce different 
levels of copulatory performance. 
It is possible that the removal of vibrissa! information by injection 
of lidocaine is a eo-additive factor in the determination of precopulatory state 
of male rats. The combination of sexual naivete with loss of vibrissa! 
information renders the male suboptimal for the initiation and maintenance 
of copulation. However,. the powerful stimuli provided by females 
displaying the highest levels of precopulatory behaviour are able to 
overcome the suboptimal state of the male and induce initiation and 
maintenance of copulatory behaviour. 
5.6 Results - Mount and intromission latency 
5.6.1 Mount latency 
Mount latency (ML), is the latency from the first start of the test to 
the first mount or intromission. 
5.6.1.1 Hopping and darting females 
50% (n = 6) of LHD males initiated copulation with females. It is of 
interest to investigate whether or not the initiation latency of LHD males is 
the same as that of their saline injected controls (Experiment 4). When 
median values of ML are considered, SHD males dearly began copulating at 
443 seconds (7.38 minutes) into the experimental session while LHD males 
did so at 2137.21 seconds (35.62 minutes, [- 45 minutes ] ). 
As 50% of lidocaine injected males began copulation with hopping 
and darting females quite some time into the experimental session a 
comparison of mount latency between SHD and LHD males certainly shows 
a statistical difference (Mann-Whitney, U = 1, P>0.20). However, this method 
of comparing the initiation of copulation by lidocaine injected males with 
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their saline controls does not provide a full picture of the copulatory 
parameters of lidocaine injected males. 
No lidocaine injected males initiate copulation during the period of 
perioral anapsis with females displaying levels of precopulatory behaviour 
ranging from presenting to hopping and darting. Thus, injectio.r\of lidocaine 
seems to prevent the expression of copulatory behaviour in m~: As 50% of 
LHD males initiate copulation when anapsis is no longer present, an 
evaluation of the mount latency which is based on the resumption of 
perioral sensation rather than the experimental start time would be 
interesting. Experiments 1 and 2 showed that the effects of lidocaine were 
present at 45 minutes and absent at 60 minutes. This finding means that a 15 
minute window for the return of perioral sensation subsequent to lidocaine 
injection exists. The problem then arises of which value within the range 45 
to 60 minutes should be removed from ML for LHD males. 
For LHD males the range of initiation of copulation varied from 
3001.96 seconds (50.03 minutes, [301.96 + 2700 seconds]) to 5317.58 seconds 
(88.63 minutes, [2617.58 + 2700 seconds]). These observations leave two 
applicable strategies. Firstly, one can assume that perionil anapsis is no 
longer present at 45 minutes into the experimental session. Secondly, the 
subject #1 can be used as a benchmark and make the assumption that 
perioral sensation returns at 50 minutes (3000 seconds). Application of these 
notional benchmarks would give subject #1 an initiation latency of either 
301.96 seconds (5.033 minutes) or 1.96 seconds. However, the use of subject 
#1 as a benchmark for the application of a notional cessation of perioral 
anapsis at 50 minutes into the trial is inappropriate to this investigation. 
Therefore, this investigation will be carried out using a period of 45 minutes 
as the notional end-point of disruption of trigeminal information as induced 
by intramystacial injection of 1% lidocaine. 
5.6.1.2 Statistical evaluation of mount latency 
Comparison of ML between SHD and LHD males by Mann-Whitney 
showed that there was no significant difference in the latency to initiate 
copulation (U = 11, P<O.OS). 
5.6.1.3 Darting females 
When median values of ML are considered 12 SD males began 
copulating at 166.24 seconds into the experimental session while 10 LD males 
did so at 414.7 seconds. Statistical comparison by Mann-Whitney showed a 
significant difference in mount latency between saline injected males and 
those lidocaine injected males that initiated copulation in the presence of 
perioral anapsis (U = 20, P = 0.02). 
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As has been described previously 10 of the 12 LD males initiated 
copulation during the presence of perioral anapsis and two did so when 
anapsis was no longer present. When raw data values for LD males are 
considered; subjects #10 and #11 initiated copulation when perioral anapsis 
was no longer present (#10 = 80.16 minutes, #11 = 65.32 minutes). The 
removal of a time period representing perioral ana psis (as in the ·.~se of 
males paired with hopping and darting females, 45 minutes) gives us a 
median value of 1784.61 seconds to initiate copulation by subjects #10 and 
#11. This mount latency is significantly longer than that of saline controls 
(Mann-Whitney U = 0, P = 0.05). 
It appears that the majority of lidocaine injected males do initiate 
copulation in the presence of perioral anapsis when paired with darting 
females. However, those lidocaine injected males initiating copulation with 
darting females both in the presence and absence of perioral anapsis take 
significantly longer to initiate copulation than their saline controls. 
5.6.2 Intromission latency 
Intromission latency (IL), is the latency from the start of a test until 
the first intromission expressed in seconds. 
5.6.2.1 Hopping and darting females 
It has previously been argued that an evaluation of ML should be 
based on the removal of a time period representing the duration of perioral 
anapsis from lidocaine data. This strategy is employed in this comparison. 
The median IL for SHD males was 737.79 seconds and that for LHD males 
(minus 2700 seconds) the median IL was 2290.49 seconds. 
Statistical comparison using the Mann-Whitney U test showed that 
there was no difference in IL between SHD and LHD (adjusted time) males 
(U = 13, P>O.lO). It appears that when IL is considered there is no difference 
between saline controls and those lidocaine injected males that initiated 
copulation when perioral anapsis was no longer present. 
5.6.2.3 Darting females 
A significant difference in intromission latency was found between 
those saline injected males paired with darting females and males with 
perioral anapsis induced by injection of lidocaine that initiated copulation 
with darting females (Mann-Whitney, U = 15, P<0.02). When the 
intromission latency of the two LD males that initiated copulation after the 
period of perioral anapsis is considered using an adjusted time (-2700 
seconds) a significant difference is also found (Mann-Whitney, U = 0, P = 
0.05). It appears that when IL is considered there is a difference between 
saline controls and those lidocaine injected males that initiated copulation 
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with darting females in the presence and absence of perioral anapsis. 
5.6.3 Discussion of mount and intromission latency 
Induction of perioral anapsis by injection of lidocaine seems to 
prevent initiation of copulation by sexually naive males. This experience of 
perioral anapsis during the first sexual encounter prevents the initiation of 
-. 
sexual behaviour in 50% of subjects. However, those males ~tiate 
copulation with hopping and darting females when perioral anapsis is no 
longer present do so with a latency no different to that of their saline 
controls. 
Investigation of the latency to initiate copulation as measured by 
mount and intromission latency in lidocaine injected males paired with 
hopping and darting and darting females has shown some interesting 
results. Firstly, in the case of males paired with hopping and darijng females 
we have seen that 50% initiate copulation when the effects of intramystacial 
lidocaine are no longer present. It has been argued on the basis of the results 
of Experiments 2 and 3 and observed values of initiation in this experiment 
that the initiation of copulation by LHD males should be measured from a 
start point that is equivalent to the cessation of perioral anapsis. Observed 
data from this experiment has shown that when an equivalent start time is 
used those males that initiate copulation with hopping and darting females 
post-anapsis do so with an initiation latency no different to that of their 
saline controls. 
Secondly, the data for initiation of copulation by anaptic males 
paired with darting females. Results of this experiment indicate that 
although 10 males initiate copulation with darting females there is a 
significant retardation of mount latency in comparison with their saline 
controls. The two males that initiated copulation in the absence of perioral 
anapsis also show a significant difference in their latency to initiate 
copulation (time-adjusted values). 
In terms of intromission latency non-anaptic males copulating with 
hopping and darting females show no difference to that of their saline 
controls. Anaptic males copulating with darting females do, however, show 
a difference in intromission latency to that of their saline controls as do those 
males initiating copulation when perioral anapsis was no longer present. 
These results provide an intriguing picture of male sexual behaviour as 
measured by the latency to initiate copulation and to begin the intromissive 
pattern leading to ejaculation. 
The data from subjects paired with hopping and darting females 
indicates that as a consequence of loss of vibrissa! information males are 
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unable to initiate copulation. This result makes them equivalent to those 
anaptic males paired with females displaying lower levels of precopulatory 
behaviour (presenting, presenting and hopping, hopping). Males paired with 
females displaying precopulatory behaviour ranging from presenting to 
hopping do not initiate copulation when the effects of perioral apapsis are no 
~ 
longer present. However, for some reason, when vibrissa! inf~ation 
becomes available to those males paired with hopping and darfug females 
SO% of them will initiate a full copulatory sequence with latencies no 
different to that of saline controls. 
At this stage of the analysis, it appears that the stimuli emitted by 
hopping and darting females is able to overcome the previous effects of loss 
of vibrissa! information. These stimuli are such that a percentage of males 
with fully available vibrissa! information are able to r~ceive and interpret 
these sexual signals and thus are sufficiently aroused to initiate copulation. 
Those males that do initiate copulation seem to do so with no apparent 
impairment i.e. their saline controls. 
The data for anaptic males paired with darting females is even more 
intriguing. The stimuli emitted by darting females seem such that the 
majority of males with no vibrissally mediated tactile ·sensation are able 
initiate copulation. 
It appears that although the stimuli emitted by darting females are 
in some way able to arouse males to initiate copulation the effects of loss of 
perioral tactile sensation prevent a level of initiation in anaptic males 
comparable to that of their saline controls. 
5.7 Mount latency as a function of ejaculatory frequency 
5.7.1 Hopping and darting females 
Subjects achieving two, three and four ejaculations showed ML' s of 
301.96, 2590.47 and 2125.36 seconds respectively. 
Experiment 4 found that mount latency did not vary as a function of 
female type (lordotic, presenting, presenting and hopping, hopping, hopping 
and darting). It appears that lidocaine injected males initiating copulation in 
the absence of perioral anapsis do not differ from their saline controls. 
5.7.2 Darting females 
The single subject displaying one ejaculation had the longest latency 
to initiate copulation. The mount latency of those subjects (n = 6) that 
ejaculated three times displayed the lowest mount latency. 
Experiment 4 found that males paired with darting females began 
the copulatory sequence faster than males paired with all other female types 
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and achieved the highest number of ejaculations. Iu addition, it was noted 
that those males achieving seven to nine ejaculations displayed a reduction 
in mount latency as ejaculations increased. 
However, no reduction in mount latency as a function of ejaculatory 
frequency has been observed in the behaviour of anaptic males pitired 
~ 
darting females. The observed reduction in mount latency for sftiine injected 
' 
males was only found for ejaculations seven to nine and not for series one to 
six. As anaptic males achieved a maximum of five ejacula~ons it appears 
that as far as this experiment is concerned there is no difference in mount 
latency as a function of ejaculatory frequency between lidocaine injected 
males paired with darting females and their saline controls. 
5.8 Intromission latency as a function of ejaculatory frequency 
5.8.1 Hopping and darting females 
Males achieving two, three and four ejaculations displayed median 
IL's of 301.96, 2590.47 and 2125.36 
5.8.2 Darting females 
A decrease in IL was oberved as EF increased which is similar to that 
found for ML. A reduction in IL as EF increased was observed. 
Experiment 4 found that when saline injected males were paired 
females displaying different levels of precopulatory behaviour, a decrease in 
IL was observed for males achieving the greatest number of ejaculations. 
When the data for anaptic males initiating copulation is considered it 
appears that a decrease in IL as a function of ejaculatory frequency is 
observed. On the whole, copulating anaptic males paired with darting 
females do show a reduction in latency to begin the intromissive pattern as 
ejaculatory frequency increases. 
5.8.3 Discussion of mount and intromission latency as a function of 
ejaculatory frequency 
Experiment 4 found that IL decreased as a function of ejaculatory 
frequency. This effect however was only observed at series six to nine. This 
data supported the findings of Brown et al. (1974). When the data for 
lidocaine injected males paired with hopping and darting females is 
considered, an increase in IL is observed from series two to three and a 
reduction from three to four. Because of the limited range of observed 
ejaculations and the small number of subjects, it is difficult to make a 
confident analysis. However it appears that when the IL for males achieving 
two and three ejaculations is considered there is a decrease in intromission 
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latency as a function of ejaculatory series. 
In Experiment 4 the mount and intromission latencies of saline 
injected males were paired with six different female types (lordotic, 
presenting, presenting and hopping, hopping, hopping and darting, darting) 
were examined. This examination evaluated data from Experimei}t 4 by 
comparison to the· findings of Brown, Freeman and McFarland ti-~74) who 
found that both ML and IL were reduced as ejaculatory frequency increased. 
Experiment 4 showed that when changes in ML as a function of EF 
were examined no clear distinction between males paired with different 
female types emerged. The reported changes (Brown, Freeman, McFarland, 
1974) in reduction of Mount Latency as ejaculatory frequency increases were 
not found for males paired with females displaying the precopulatory 
behaviour levels of presenting, presenting and hoppi1:1g, hoppingr hopping 
and darting, darting. 
However, Experiment 4 found that when combined data for animals 
displaying seven, eight and nine ejaculations were considered a decrease in 
mount latency was observed. Further examination of this data showed that 
the majority of data points for each ejaculatory series was provided by males 
paired with darting females. On the basis of this evaluation it was suggested 
that an effect of female type on mount latency as a function of ejaculatory 
frequency was present for those males paired with darting females. With 
these previous results in mind it is worthwhile to examine the data for 
mount and intromission latency observed in this particular experiment. 
When mount and intromission latency for those males paired with 
hopping and darting females is considered it appears that a reduction in 
mount latency is found while no such trend is observed for intromission 
latency. However, a decrease in both mount and intromission latency is 
found for those males paired with darting females. When these observations 
are compared to those of Experiment 4 (described above) it appears that some 
similarity in the data can be found. Males paired with darting females display 
the clearest reduction in mount and intromission latency in comparison to 
those paired with hopping and darting females. It is suggested that this is 
similar to that data observed for saline injected males in Experiment 4. It 
would seem that not only do males initiate copulation with darting females 
while vibrissa! information is unavailable but that the speed of initiation of 
copulation and the intromissive pattern is similar to that of their saline 
controls. 
An interpretation of the data for ML and IL would at first sight 
appear to be difficult. The data distributions were skewed and the small 
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number of data points available as well as outliers would indicate that at best 
a rough interpretation is available. However, this situation is not dissimilar 
to that found in Experiment 4 which examined the effect of female type on 
copulation by saline injected naive males. The normative parameters of 
copulation as indicated by variation of ML and IL as a function of EF were 
apparent although somewhat distorted by small N' s. _) 
The observation of reduction of ML and IL as a function· of increase 
in EF is important as it makes two points. Firstly, although anaptic males do 
not copulate with hopping and darting females when they initiate 
copulation post-anapsis as measured by ML and IL the distribution of the 
latency is that which would be expected of either saline injected males 
(Experiment 4) or normal males (Brown, Freeman and McFarland, 1974). 
Thus, of those males that initiate copulation with hopping and d_arting 
females their initiation and duration parameters are not affected. Secondly, 
the observation of normal reduction of ML and IL as a function of EF for LD 
males is extremely interesting. It appears that although males are anaptic 
they not only initiate copulation but follow normative patterns of copulation 
as measured by ejaculation frequency. 
5.9 Results - Mount frequency 
Mount frequency (MF), is the number of mounts without 
intromission in each ejaculatory series. 
5.9.1 Hopping and darting females 
No significant differences in the number of mounts expressed by 
saline and lidocaine injected males were found in the first four ejaculatory 
series (Mann-Whitney, U = 26, P>0.10; U = 18.5, P = 0.836; U = 14, P = 0.93; U = 
5.5, P = 0.5). Figure 5.1 shows a graphical representation of median values for 
saline and lidocaine injected males. 
As we have seen in Experiment 4 mount frequency can be expected 
to yield a U shaped function (Brown, Freeman and McFarland, 1974). It can 
be seen that at least from series 1 to series 3 the data for lidocaine injected 
males can be supposed to follow a U shaped function. As with SHD males 
the number of mounts exhibited over series shows that more mounts were 
expressed in the first series than in the second. It is interesting to note that 
the shape of median curves for both saline and lidocaine injected males is 
similar to the fourth series. 
These results indicate that when non-anaptic males initiate 
copulation with hopping and darting females the patterning of non-
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intromissive mounts is the same as that of saline controls. 
5.9.2 Darting females 
No significant differences in the number of mounts expressed by 
saline and lidocaine injected males paired with darting females were found 
during the first five ejaculatory series (Mann-Whitney, U = 50, P>0.10; U = 
40.5, P>0.10; U = 35.5, P> 0.10; U = 17.5, P>0.10; U = 3, P>0.10). Fi~e 5.2 shows 
the median number of mounts exhibited by saline and lidocaine-: injected 
males paired with darting females. 
The similarity of the U shaped curve of mounts over ejaculatory series 
is particularly striking when the data for non-anaptic copulators is 
considered. This data would indicate that the presence or absence of perioral 
anapsis has no effect on the patterning of non-intromissive mounts by males 
paired with darting females. 
5.9.3 Total number of mounts across all series 
5.9.3.1 Hopping and darting females 
Median (6) values of total mount frequency for SHD males are very 
similar to the median (6.5) shown by LHD males. It would seem that no clear 
differences in the total number of mounts as shown by SHD and LHD males 
is apparent. 
5.9.3.2 Darting females 
A difference in median values between saline (4) and lidocaine (6) 
was more probably due to the difference in the number of ejaculatory series 
(saline = 9; lidocaine = 5). 
5.9.4 Comparison of individual data 
5.9.4.1 Hopping and darting females 
We have seen in Experiment 4 that overall there is a trend for males 
having a higher ejaculatory frequency to have fewer mounts per ejaculatory 
series. Mount frequency for saline injected males does not show a reduction 
as ejaculatory frequency rises. When ejaculatory series two to five are 
considered median values of mount frequency show a rise (3.5, 5, 7 and 11). 
A clear reduction in mount frequency as ejaculatory frequency 
increases was evident for lidocaine injected males. Median mount frequency 
decreased from ejaculatory series two (12.5), three (8) and four (6). 
Although the amount of data available is small it appears that a 
reduction in mount frequency as ejaculatory frequency increases has 
occurred. 
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5.9.4.2 Darting females 
Saline injected males showed some reduction in MF as EF increased 
for series six to eight. Experiment 4 found that the findings of Brown et al. 
(1974) were not supported as MF did not reduce as EF increased. Lidocaine 
injected males copulating during perioral anapsis did however show a 
decrease in MF as EF increased. Series three, four and five showe~ a decrease 
~ 
in MF (7, 2.5, 5). It appears that when the MF of anaptic males is C!onsidered a 
decrease is observed as a function of EF although this has not been observed 
in saline injected males (Experiment 4). 
5.9.4.3 Discussion of mount frequency 
No statistical differences were detected in the number of mounts 
displayed by lidocaine and saline injected males paired with hopping and 
darting and darting females. An assessment of graphical representation of 
data shows that when median values are examined there is great similarity 
in mount Jrequency over series. Evaluation of raw data showed that overall 
the data appeared to follow an U shaped function for both lidocaine and 
saline injected males. 
When mount frequency is viewed as a function of ejaculatory 
frequency those males achieving the highest numbers of ejaculations show a 
lower mount frequency than males with low numbers of ejaculations 
(Brown, Freeman and McFarland, 1974). This pattern is observed in those 
lidocaine injected males that initiated copulation when perioral anapsis was 
present but is not observed in the data for saline injected males. 
5.10 Results- Intromission frequency 
5.10.1 Hopping and darting females 
No significant differences in intromission frequency between 
lidocaine injected and their saline control~ were found over the first four 
series (Mann-Whitney, U = 25, P>0.10; U = 17, P = 0.19; U = 13, P = 0.39; U = 
4.5, p = 0.37). 
Intromission frequency decreases from the first series to the second 
and thereafter remains relatively stable although the curve can be described 
as a rough reversed J (Experiment 4). Figure 5.3 shows the median values of 
intromissions for lidocaine injected males and their saline controls for each 
ejaculatory series. This figure shows the drop in the number of ejaculations 
following the first ejaculation for both saline and lidocaine injected males. 
140 
-+ 
-
NUMBER OF INTROMISSIONS 
Hopping and Darting Females. Naive Males. Saline or Lidocaine Vibrissa! Pad. 
(/) 10 
z 
0 (/) 9 
(/) 
-~ 8 
0 
~ 
~ 7 
u. 
0 6 
~ 
w 
CD 5 ~ 
::> 
z ... 
z 
~ 3 0 
w 
~ 2 
2 
I 
I 
---s 
3 ... 5 6 7 
EJACULATORY SERIES 
· · ··~b~gend 
• SALINE 
D LIDOCAINE 
---
5.10.2 Darting females 
No differences in intromission frequency between lidocaine injected 
males and their saline controls were found over the first four series (Mann-
Whitney, U = 56.5, P>O.lO; U = 42, P>0.10; U = 42.5, P>0.10; U = 3.5, P>0.10). 
Figure 5.4 shows the median values of intromissions for lidocaine 
injected males and their saline controls for each ejaculatory seri$-s. When 
data for non-anaptic males copulating is considered no differences in the first 
three series are found in comparison to saline controls (Mann-Whitney, U = 
10, P>0.10; U = 5, P>0.10; U = 7, P>0.10) 
5.10.3 Total number of intromissions 
5.10.3.1 Hopping and darting females 
Lidocaine injected males showed a higher maximum figure than did 
saline controls. This difference was due to the value displayed by a single 
lidocaine injected male during the first series. 
5.10.3.2 Darting females 
Median values for saline and lidocaine injected males showed no 
difference. 
5.10.4 Intromissions per ejaculation: a comparison 
5.10.4.1 Hopping and darting females 
Table 5.2 shows the median number of intromissions for SHD and 
LHD males compared with data from three other studies (Beach and Jordan, 
1956; Brown, Freeman and McFarland, 1974; Larsson, 1959). The patterning of 
intromissions displayed by both saline and lidocaine injected males is similar 
to that found by other researchers. 
Table 5.2 Intromissions per ejaculation. Hopping and darting females. Naive 
males. A comparison of data with three studies. 
SALINE 
Ejaculation Median 
1 1 0 
2 4 
3 6 
4 5.5 
5 6 
6 5.5 
7 2 
LIDOCAINE Beach & Jordan Larrson 
Median Median Mean 
8.5 10.64 15.1 
4.5 6 5.2 
4 5.73 5.4 
7 5.09 5.6 
5.09 6.3 
4.1 5 
4 .5 
Brown et. 
al. 
Mean 
14 .7 
6.7 
7.4 
9.2 
9.6 
9.5 
6.8 
Brown et al. (1974) found that when intromission frequency was 
considered males with higher ejaculatory frequencies did not exhibit less 
intromissions. Intromission frequency did not seem to vary particularly 
much from ejaculatory series two to seven for saline injected males. 
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For lidocaine injected males. the data does not appear to support the 
findings of Brown et al. (1974) in that intromission frequency appears to 
reduce as ejaculatory frequency increases. 
The number of intrornissions expressed in each ejaculatory series 
between lidocaine injected males and their saline controls show no 
differences. Other researchers have shown that the effect of pr~ous perioral 
anapsis caused by injection of lidocaine into the vibrissa} pads appears to 
have no effect on the number of intromissions expressed during each 
ejaculatory series. The sharp drop in intromissions after the first series 
closely follows that of untreated animals as well as saline controls. However, 
the number of intromissions does appear to vary as a function of ejaculatory 
frequency. 
5.10.4.2 Darting females 
Table 5.3 contains intromission frequency for saline and lidocaine 
injected males compared to three other studies (Beach and Jordan, 1956; 
Larsson, 1956; Brown, Freeman and McFarland, 1974). IF decreases over 
series for both anaptic and non-anaptic copulators paired with darting 
females. IF does not appear to vary as a function of EF for saline injected 
males paired with darting females. As with saline injected males IF does not 
vary as a function of EF for anaptic males copulating with darting females. 
These results support the findings of Brown et al. 
Table 5.3 Intromissions per ejaculation. Darting females. Naive males. Saline 
or lidocaine vibrissa} pad. A comparison of data with three studies. 
SALINE LIDOCAINE LIDOCAINE Beach & Jordan Larrson Brown et. 
al. 
ANAPTIC NON-ANAPTIC 
Median Median Median Median Mean Mean 
9 8.5 1 0 10.64 15 .1 14.7 
5 6 3 6 5 .2 6.7 
5 5 7 5.73 5.4 7.4 
6 4 1 2 5.09 5.6 9.2 
5.5 6 - 5 .09 6 .3 9.6 
4.5 - - 4.1 5 9.5 
6 - - - 4 .5 6.8 
5 - - - - -
4.5 - - - - -
5.10.5 Discussion of intromission frequency 
Evaluation of intromission frequency indicates that there are no 
differences between saline injected males paired with hopping and darting 
144 
females and those lidocaine injected males that initiated copulation in the 
absence of perioral anapsis. Similarly, there are no differences between saline 
injected males paired with darting females and those lidocaine injected 
males that initiated copulation in the presence and absence of perioral 
anapsis. These results indicate that the ability to achieve a normative 
amount of intromissions leading to ejaculation are unaffected ~perioral 
ana psis. 
Lidocaine injected males paired with hopping and darting females 
do show a reduction in intromission frequency as ejaculatory frequency 
increases. Experiment 4 found that intromission frequency did not vary as a 
function of ejaculatory frequency. When the data for IF as a function of EF is 
considered the highest IF of 12.5 was shown by only one subject (#1) at two 
ejaculations. Although IF declined as a function of EF, it cannot be stated 
with any confidence that this a replicable phenomenon because of the small 
subject ba~e. 
Data for lidocaine injected males paired with darting females 
revealed no change in intromission frequency as a function of ejaculatory 
frequency. The injection of lidocaine does not affect intromission frequency 
as a function of ejaculatory series. 
5.11 Results - Ejaculation latency from first intromission 
Ejaculation latency (EL), is the latency from the first intromission of 
a series to its terminal ejaculation expressed in seconds. 
5.11.1 Hopping and darting females 
A significant difference in ejaculation latency between saline and 
lidocaine injected males was found at the first ejaculatory series. (Mann-
Whitney, U = 9, P = 0.05; U = 19, P = 0.418; U = 11, P = 0.457; U = 3, P = 0.20). 
Figure 5.5 shows median values of ejaculation latency for saline and 
lidocaine injected males. Lidocaine injected males took longer (506.4) to 
ejaculate than their saline controls (370). 
Experiment 4 found no significant differences in EL between saline 
injected males paired with different female types until series three when it 
was found that SP and SD males ejaculated faster than SH males. 
5.11.2 Darting females 
No significant difference in ejaculation latency was found between 
lidocaine injected males copulating during perioral anapsis and their saline 
controls during the first and fourth ejaculatory series. Significant differences 
in ejaculation latency did however occur during the second and third 
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ejaculatory series (Mann-Whitney, U = 37, P>O.lO; U = 19, P = 0.02; U = 6, P = 
0.002; U = 6, P>0.10). Figure 5.6 contains median values of ejaculation latency 
for anaptic and non-anaptic copulators as well as their saline controls. 
Experiment 4 found that a significant difference in EL occurred at 
series one and three. Although an overall difference was found between 
males paired with six different female types at series one it was~_t possible 
to statistically locate the source of the difference. It was however ·noted that 
SL males were the slowest to ejaculate while SD males were the fastest. At 
series three however, it was found that SD and SP males ejaculated faster 
than SH males. ·· 
5.11.3 Graphical analysis 
Ejaculation latency is proposed to display a U shaped curve with a 
high on the first ejaculatory series low on the second and an increase as 
exhaustion approaches (Brown, Freeman and McFarland, 1974). Experiment 
4 found that except for males paired with lordotic and hopping females a U 
shaped function for ejaculation latency was evident. 
from series one to series three and four. 
For those males that initiated copulation in the presence of perioral 
anapsis it can be seen that apart from subjects #1 and #4 a U shaped pattern 
for EL was displayed. Examination of the raw data would indicate that the 
significant differences in EL detected at series two are most likely due to the 
ejaculation latencies displayed by subjects #1, #3 and #4. The significant 
increase in ejaculation latency found at series three is most probably due to 
the values shown by subjects #1, #3, #4 and #7. 
5.11.4 Ejaculation latency compared to 3 other studies 
Table 5.4 shows values of ejaculation latency from Experiment 4 
(saline) as well as that from this experiment. It can be seen from this table 
that data gathered in Experiment 4 as well as that from this experiment 
closely follows that of other researchers. 
5.11.5 Ejaculation latency as ejaculatory frequency 
Table 5.5 shows ejaculation latency displayed as a function of 
ejaculatory frequency. Brown et al. (1974) found that males with high 
ejaculatory frequencies had shorter ejaculatory latencies. Experiment 4 found 
that irrespective of female type ejaculation latency decreased as ejaculation 
frequency increased. 
When EL is considered for non-anaptic males copulating with 
hopping and darting females a clear decrease in EL for series two (1184.49), 
three (409.88) and four (283.74) is evident. 
Data for anaptic males copulating with darting females also shows a 
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EJACULATION LATENCY 
Comparison of data with three studies 
SALINE LIDOCAINE SALINE LIDOCAINE LIDOCAINE 
Hopping Hopping Dorting Dartinrc Darting Beach & Jordan Larsson Brown et al 
Ejac. & Darting & Darting ANAPT C NON-ANAPTIC 1956 1956 1974 
Median Median Median Median Median Median Mean Mean 
1 370 506..4 310 555.7 630.23 450 366 915 
2 201 213.6 188 305.24 179.21 216 114 371 
3 157 254.8 137 596.56 284.84 198 114 379 
4 240 285.2 206 408.44 716.47 150 144 507 
5 357 - 227 814.34 - 210 198 601 
6 313 - 181 - - 132 156 I. 634 
271 162 •· 
'· ·h. 
7 - - - - 144 657 
8 - - 267 - - - - -
9 - - 174 - - - - - ..) 
(.!\ 
0 
EJACULATION LATENCY grouped with 
respect to ejaculatory frequency CEF) 
Hopping and Darting. Darting fem~les. Naive Males. Saline or Lidocaine Vibrissa! Pad. 
SALINE LIDOCAINE SALINE LIDOCAINE LIDOCAINE 
Ejaculatory 
Series 
Hopping 
& Darting 
Hopping 
& Darting 
Darting Darting 
ANAPTIC 
Darting 
NON-ANAPTIC 
Series 1 563.26 - - 1467.92 -
Series 2 286.46 1184.49 - - -
Series 3 453.31 409.88 - 686.51 410.68 
Series 4 385.2 283.74 - 225.01 361.74 
Series 5 239.86 - - 330.36 -
Series 6 225.77 - 130.8 - -
Series 7 271.63 - 187.6 - - ·k ' . • ' 't'l'" 
Series 8 - - 215.4 - -
Series 9 - - 186 - -
' 
~ 
decrease in EL as EF increases from series one (1467.92), three (686.51), four 
(225.01) and five (330.36). Non-anaptic males copulating with darting females 
also display a reduction in EL at series three (410.68) and four (361.74). 
This indicates that injection of lidocaine into the mystacial pads does 
not affect ejaculation latency whether or not males copulate in ~e presence 
or absence of perioral anapsis. ~ 
5.12 Results- Mean interintromission interval 
5.12.1 Hopping and darting females 
No significant differences in copulatory pace between lidocaine 
injected males paired with hopping and darting females and their saline 
controls males were found during the first four ejaculatory series (Mann-
Whitney, U = 18, P>0.10; U = 20, P = 0.946; U = 12, P = 0.662; U = 5, -P = 0.858). 
Brown, Freeman and McFarland (1974) found that Mill showed a 
significant decline between the first and second ejaculatory series. Reference 
to Figure 5.7 shows that this does not appear to be the case when data for 
males with hopping and darting females is considered. Experiment 4 found 
that this was not the case when data for males paired with different female 
types was evaluated 
Brown et al. found that after the significant drop between the first 
and second series Mill stays relatively stable with no significant differences 
being found between the second and last series. This would appear to be the 
case for both saline and lidocaine injected males (Figure 5.7). The increase in 
Mill during the last series for saline injected males paired hopping and 
darting females is due to one subject and has been previously discussed in 
Experiment 4. 
5.12.2 Darting females 
Significant differences in Mill were found during the first four series 
between saline injected males and lidocaine injected males copulating in the 
presence of perioral ana psis (Mann-Whitney: U == 28, P = 0.05; U = 24, P = 0.05; 
U == 6, P = 0.002; U = 4, P = 0.05). Figure 5.8 shows median values of Mill for 
saline and lidocaine injected males. It can be seen from this figure that both 
anaptic and non-anaptic lidocaine injected males displayed larger intervals 
between intromissions than their saline controls. 
Table 5.6 contains the values upon which Figure 5.8 is based. 
Additionally Table 5.6 contains the difference in Mill between saline and 
lidocaine injected males as well as that difference expressed as a percentage. 
Table 5.6 shows that the percentage difference between saline and lidocaine 
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Mean lnterintromission Interval CMIID 
Darting Females. Naive Males. Saline or Lidocaine Vibrissa! Pad. 
SALINE LIDOCAINE LIDOCAINE 
EJaculatory Dart i ng Darting Dart ln:J, DIFFERENCE PERCENTAGE DIFFERENCE DI FFERENCE PERCENTAGE DIFFERENCE 
Series ANAPTIC NON-ANA TIC ANAPTIC - SALINE ANAPTIC I SALINE NON-ANAPTIC- SALINE N10N-ANAPTIC I SALIN E 
Series I 3.of.38 55.57 68.63 21.9 38.80 X ' 3-t.25 ' . '11'···· .ot9.91 X 
Series 2 35.12 61.05 50.-t.of 25.93 .ot2.67 X 15.32 30.38 X 
Series 3 29 .1 9 66.33 38.72 37.1-4 56.20 X 9.53 2-4 .62 X 
Series .o4 35.28 72.1-t 59.71 36.38 51.10X 2-t.33 .of0.92 X 
injected males varies from 38.8% to 56.2%. 
Table 5.6 also contains percentage values for non-anaptic males 
copulating with darting females which display a percentage difference 
ranging from 24.62% to 49.91%. This virtual doubling of the interval between 
intromissions displayed by copulating anaptic and non-anaptic males is quite 
remarkable. It has been previously shown that no differences ~tin mount 
and intromission frequency between saline controls and lidocaine injected 
males. This would indicate that males are mounting and intromitting at the 
same overall frequency but that the rate of intromissions is reduced. 
We have already seen that EL is affected at the second and third 
ejaculatory series. This finding would indicate that the retardation of EL 
observed previously is most probably caused by the increased interval 
between intromissions displayed by anaptic males copulating wi~h darting 
females . 
5.12.3 Comparison of individual data 
5.12;3.1 Hopping and darting females 
When Mill is considered as a function of ejaculatory frequency for 
each experimental condition SHD males showed relative stability over series 
although LHD males showed a reduction in Mill as EF increased. This 
finding for LHD males does not support the findings of Brown et al. (1974) 
who found that no change in Mill as a function of EF occurs. 
5.12.3.2 Darting females 
SD males showed stability over series although anaptic LD males 
showed variation in Mill as EF increased. The data for non-anaptic males 
paired with darting females showed a reduction in Mill as EF increased 
although data from two subjects is not sufficient to draw any firm 
conclusions. It appears that when lidocaine injected males are paired with 
females displaying darting behaviour the intervals between intromissions 
are almost doubled regardless of whether or not males initiate copulation in 
the presence or absence of perioral anapsis. 
5.13 Results - Post-ejaculatory interval 
Post-ejaculatory interval (PEI), the time from ejaculation to the next 
intromission which begins a copulatory series expressed in seconds. 
5.13.1 Hopping and darting females 
No significant differences in post-ejaculatory interval were found 
between SHD and LHD males from series two to series four (Mann-Whitney: 
U = 17, P = 0.628; U = 14, P = 0.930; U = 3, P = 0.20). Figure 5.9 contains median 
155 
values of PEI for saline and lidocaine injected males paired with hopping 
and darting females. It is interesting to note that even though median values 
indicate that lidocaine injected males had longer PEI's no significant 
differences were detected. 
There is a clear linear trend for an increase in PEI as exhaustion 
approaches (Brown et al., 1974). For lidocaine injected males an--!Pcrease in 
PEI was shown. 
5.13.2 Darting females 
Significant differences in post-ejaculatory interval at series one, two 
and three were found between saline injected males and those males 
copulating in the presence of perioral anapsis (Mann-Whitney: U = 7, P = 
0.002; u = 11, p = 0.002; u = 5, p = 0.02). 
In all cases anaptic males displayed a longer PEI than saline injected 
males as can be seen in Figure 5.10 which displays median values· of PEI for 
saline and lidocaine injected males copulating both in the presence and 
absence of perioral anapsis. It is interesting to note that except for series one 
those two males initiating copulation in the absence of perioral anapsis 
display values of PEI shorter than that for saline injected males. 
Those males initiating copulation in the presence of anapsis 
displayed longer PEI' s than saline males. 
5.13.3 Comparison of individual data 
5.13.3.1 Hopping and darting females 
PEI has been found to be shorter with better performers (higher EF) 
than males achieving only a few ejaculations (Brown et al., 1974). When PEI 
is considered as a function of EF for each female pairing it appears that this 
contention is correct for both saline and lidocaine injected males paired with 
hopping and darting females. 
5.13.3.2 Darting females 
Anaptic copulators revealed that those males previously identified as 
having the longest El's also display the longest PEI's at series one to four. It 
appears that injection of lidocaine affects the post-ejaculatory interval shown 
by copulating anaptic males. The latency to begin copulation is significantly 
longer than that of saline contlols. 
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5.14 Discussion 
This experiment has considered the copulatory behaviour of sexually 
naive males administered bilateral injection of 1% lidocaine in the mystacial 
pads and paired with females displaying five different levels of precopulatory 
. t be ha vi our. ~ . 
When the copulatory parameters of these males is compared to that of 
their saline controls it is found that the only difference lies in the latency to 
achieve the first ejaculation. Of those anaptic males that initiated copulation 
with females displaying the highest level of precopulatory behaviour it is 
found that in comparison to their saline controls latency to begin the 
intromissive pattern is longer. In addition, copulatory pace as well the ability 
to achieve ejaculation is affected. 
5.14.1 Resume of experimental results 
A_ resume of the main findings of Experiment 5 are shown in Table 
5.7. No males paired with females displaying precopulatory behaviours of 
presenting, presenting and hopping or hopping initiated copulation during a 
90 minute experimental session. When the performance of males paired 
with hopping and darting females is considered 50% initiated copulation 
when perioral anapsis was absent. Table 5.7 shows that no differences in 
comparison to saline controls (Experiment 4) were found on any of the 
measures of copulatory behaviour that can be considered to be indicators of 
the copulatory process. A significant difference was however observed in the 
latency to ejaculate during the first series. 
Those males paired with darting females that initiated copulation 
both in the presence and absence of perioral anapsis show significant 
differences in comparison to their saline controls. Table 5.7 shows the 
measures at which differences were found. The ability of males paired with 
darting females to initiate copulation and achieve ejaculation once 
copulation was not impaired. However, the overall range of ejaculatory 
frequency was reduced in comparison with saline controls. Males did not 
achieve as many ejaculations as their saline controls. The minimum values 
of ejaculatory range were lower as were the maximum values of ejaculatory 
frequency. 
The latency to initiate copulation and begin the intromissive pattern 
leading to ejaculation was longer for both anaptic and non-anaptic copulators 
paired with darting females in comparison to saline controls. However, once 
the copulatory sequence had begun no difference in comparison to saline 
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Table 5.22 Differences in measures of male copulatory performance for 
sexually naive lidocaine injected males paired with hopping and darting or 
darting females compared to saline injected sexually naive males during 
their first copulatory experience (Experiment 4). 
Males paired with hopping and darting females 
. t 
~-
Measure 
Initiation and Ejaculation 
Ejaculatory Frequency 
Mount Latency 
Intromission Latency 
Mount Frequency 
Intromission Frequency 
Ejaculation Latency 
Mean Interintromission Interval 
Post-Ejaculatory Interval 
Males paired with darting females 
Measure 
Initiation and Ejaculation 
Ejaculatory Frequency 
Mount Latency 
Intromission Latency 
Mount Frequency 
Intromission Frequency 
Ejaculation Latency 
Mean Interintromission Interval 
Post-Ejaculatory Interval 
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Result 
No Difference 
No Difference 
No Difference 
No Difference 
No Difference 
No Difference 
Longer (series 1) 
No Difference 
No Difference 
Result 
No Difference 
Smaller 
Longer 
Longer 
No Difference 
No Difference 
Longer (series 2 and 3) 
Longer 
Longer 
controls in the amount of mounts and intromissions leading to ejaculation 
was found. The interval between those intromissions that lead to ejaculation 
was found to be longer for males paired with darting females than that of 
saline controls. When the latency to achieve ejaculation once the copulatory 
pattern has begun is considered it was found that a significant difference 
occurred at ejaculatory series two and three. The post-ejaculatorf"interval 
was found to be longer for males paired with darting females than that of 
saline controls. 
5.14.2 Motor and postural disturbances 
Noncopulation of anaptic and non-anaptic males may be due to 
general disorientation within the experimental environment and/ or the 
inability to successfully mount the female. Analysis was qualitative and 
consisted of observations of the habituation and experimental periods of 
every male used in every experiment reported in this entire study. 
Observation of all subjects paired with different female types showed 
that there were no visible differences in movement within the apparatus. 
The following description applies to all males regardless of experimental 
condition. 
5.14.3 Behavioural observations 
Upon introduction to the experimental chamber, a male will begin 
to move around the chamber sniffing at the floor and walls. The male scans 
the floor fairly consistently during the habituation period. Moving around 
the floor of the chamber is accompanied by urination and defecation. Quite 
copious amounts of urine are produced are produced giving rise to broad 
smears and small pools over the floor of the chamber. Defecation occurs as 
the animal moves about. No record was taken of the amount of faecal boli 
produced but as a rough guide three to four seems to be the norm. As has 
been described in Chapter 3 all cages were washed prior to use with a non-
scented soap and rinsed with hot water before drying. 
All males both during the initial habituation period and during the 
experimental session displayed the ability to rear on their hind legs and 
insert their snout through a ventilation hole. Because of the layout of these 
holes and the height of the experimental chamber, two configurations of 
rearing were possible. Firstly, males could reach up and insert the snout from 
the centre of the experimental chamber. This behaviour required that the 
male rear up on extended hind legs in order to reach the hole. In order to 
keep the snout in position either one or both forelegs were extended so that 
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they touched the ceiling. In this position a male could get an extended sniff 
through the hole. Secondly, males could use the wall(s) of the experimental 
chamber to access those ventilation holes nearest the sides of the chamber. 
This behaviour entailed placing one or both forelegs against the wall before 
rearing up to get at the ventilation hole. 
It should also be noted that females also displayed this ~aviour 
although because of their smaller size they were unable to indulge· in any 
extended period of sniffing through a ventilation hole. No discernible 
differences in this behaviour of males injected with lidocaine in comparison 
to males in any of the experimental conditions used in this study was noted. 
Experiment 3 has described the effects of intramystacial injection of 
lidocaine on the ability of animals to carry out complex manoeuvres within 
a Plexiglas tunnel. It was shown in Experiment 3 that no discernib~e effect of 
perioral anapsis was found. This finding coupled with the above 
observations would indicate that injection of lidocaine does not affect the 
ability of males to conduct complex behavioural manoeuvres. 
5.14.4 Orientation to the female 
A primary reason for the noncopulation of anaptic males may be 
due to unsuccessful orientation towards the female. Even though males are 
able to move within a static experimental environment, they might be 
unable to orient towards and approach a moving target. Males could have 
difficulty in either approaching the female or in successfully placing 
themselves for a mount. As we have seen in Chapter 3 (female type) all 
females displaying precopulatory behaviour above that of lordotic assume 
the presenting posture as a terminator to their own particular behavioural 
sequence. This means that at the end of a behavioural sequence the female is 
stationary with her tail in the air. 
All males were able to approach the female either on termination of 
a sequence of precopulatory behaviour by the female or during general 
movement around the cage. All males were able to sniff the female (body 
and anogenital). It should be noted that anogenital sniffing in both saline 
and lidocaine injected males often involved the lifting of the females tail 
with a forepaw so that the anogenital region was exposed. 
When a female enters the presenting posture the male must launch 
himself upon her from behind and attempt intromission. This part of the act 
of copulation by the male involves rapid ballistic movement as does the 
dismount sequence especially that part characterised by the classic step-of£ 
associated with intromission. 
It is entirely possible that the act of copulation requires fine motor 
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actions and complex body movements that were not required in the alley test 
(Experiment 3) or in movements about the cage during habituation. If this 
was the case then it would not be unreasonable to assume that males 
copulating during the presence of perioral anapsis might experience 
difficulty in successful orientation to the female. Chapter 3 has p;;esented 
arguments which show that the analysis of male copulatory perlbrmance 
' 
must take into account the possibility that interference with the expression of 
a single component of behaviour may have important effects on the total 
expression of copulatory parameters. 
Difficulty in penetration could result in more mounts being 
exhibited and less intromissions, or, males might exhibit the normal amount 
of mounts but have difficulty in achieving intromission. Dewsbury (1975b) 
has pointed out that if an animal is impaired in its ability to achieve 
intromission then the mean interintromission interval will be elevated. 
Beach (1942a) reported that naive males exhibited disruption in orientation 
which was evidenced by side-mounts and head-mounts. 
Observation of every male subject used throughout this study 
regardless of experimental condition reveal only one instance of 
disorientation to the female. This animal was a saline injected subject in 
Experiment 4 paired with a hopping and darting female. A mount was 
attempted by the male against the left flank of the female. This occurred well 
into a full copulatory sequence and was part of a period of vigorous 
mounting and intromitting. 
When the notion of unsuccessful mounting of the female is 
considered it should be noted that any attempt at mounting by the male 
would have been scored as a mount. Quite simply, those males failing to 
initiate copulation did not attempt to mount the female in any way. 
5.14.5 Lidocaine specific postures and behavioW'S 
Experiment 3 noted that when males were injected with lidocaine 
they pressed their snouts hard against the floor of the alleyway. It was noted 
that this observation was the same as that found by Kenyon, Cronin and 
Keeble (1981) in their study of maternal retrieving. Anaptic males in this 
experiment also showed this behaviour. The snout would often be pressed 
hard against either the floor or wall so that distortion of the snout in the area 
of the nares could be seen. Additionally males would press the snout very 
hard against either the body of the female (usually at the flanks) or against 
the anogenital area. 
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5.14.6 Movement during the experimental period 
No formal identification of the time male subjects spent engaging in 
those behaviours described by Dewsbury (1975b) were carried out. However, 
the viewing of data for all subjects on video tapes both in fast forward and 
real time mode allowed a general sense of the sequences and beiJ:hviours of 
all subjects to be made. All behaviours described by Dewsbury were observed. 
Males spent time moving around the experimental chamber. Males 
groomed their whole bodies as well as the facial area and head. Manipulation 
of fur with the forepaws was observed. Licking and combing was observed. 
Males would investigate the chamber during the copulatory sequence. Of 
those males that initiated successful ejaculatory patterns ejaculation in the 
initial part of a full copulatory sequence was often accompanied by vigorous 
genital licking and grooming of the genital region. 
H~t and Haugen (1971) have noted that licking the penis is carried 
out by males in order to aid detumesence in the penis. In their experiment 
Hart and Haugen put shaped neck collars on copulating males and observed 
that detumesence did not occur if genital licking was prevented. This finding 
was of great interest as it was previously supposed that licking the penis was 
carried out in order to initiate and maintain penile erection. 
Penile licking both during an ejaculatory series and subsequent to 
ejaculation was observed in all copulating males regardless of experimental 
condition. It was common for a male involved in a vigorous bout of 
mounting to interrupt this behaviour for some swift genital licking. Often 
this penile licking was carried in the same position as that adopted for 
copulation. Males did not move away from the female but simply stopped 
where they were following a mount or intromission. They sat back on their 
hind legs and reached down to groom the penis. In many cases the female 
did not move from her original position and simply waited for the male. In 
this cases the male either attempted a mount or palpated the flanks of the 
female before mounting. Some females remained in the same position in 
presenting posture or allowed this posture to decay and regained consequent 
to forepaw manipulation by the male. 
As ejaculatory frequency increased in copulating males the period 
spent lying down increased. When the behaviour of non-copulating males is 
considered much of the experimental time was spent lying down after initial 
exploration of the experimental chamber. From the observations reported 
above there does not appear to be any discernible difference in the behaviour 
of lidocaine injected males. 
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5.14.7 Duration of female precopulatory behaviour 
It might be argued that males did not initiate copulation because 
females did not display appropriate copulatory behaviours for the entire 
duration of the experimental sequence. It is possible that because males did 
not initiate the sequence of mounts and intromissions during t~ early part 
of the experiment that females stopped displaying the approp~ 
precopulatory behaviour. Thus, when males were ready to begin copulation 
post-anapsis (or even during) females were not displaying a level of 
precopulatory behaviour -sufficient to excite the male to initiate copulation. 
As we have seen in Experiment 4 sexually naive males will initiate 
copulation with females displaying the lowest level of precopulatory 
behaviour (lordotic). If the lack of male copulation was responsible for a 
decline in female behaviour it would be necessary that female precopulatory 
behaviour declined either to the lordotic level or somewhere below that. 
Madlafousek and Hlinak (1977) have proposed, and tested, a measurement 
system for the precopulatory behaviour of female rats. From their long-term 
observations they noted that females in natural as well as artificial oestrus 
typically reach more or less stabilised states in which the individual female 
exhibits a given intensity of sexual behaviour consistently for many minutes 
or even several hours. 
Observation of females (all types) did not find any decrease in 
precopulatory behaviour during the duration of the experimental session. 
Additionally, no reduction in the initially evaluated precopulatory status of 
the female was observed. Even when the end of the experimental session 
was approaching females would still display the appropriate precopulatory 
behaviour to those males which did not initiate copulation. Often (although 
not typically) the movement of a male around the experimental chamber 
would elicit the appropriate precopulatory behaviour from the female. On 
the basis of these observations as well as those of previous researchers it 
appears that neither a reduction in the emission or strength of female 
precopulatory response is responsible for the failure to initiate copulation by 
lidocaine injected males. 
5.14.8 Males paired with hopping and darting females 
When latency begin copulation is considered no differences occur as 
well as no difference in the amount of mounts and intromissions expressed. 
Additionally the finding that mean interintromission interval does not 
show any differences suggests that once copulation has begun its normal 
patterning is similar to that of saline controls. Finally, that post-ejaculatory 
interval is not affected would indicate that the overall pattern of copulation 
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is unaffected. 
A difference between the performance of these males and their 
saline controls lay in a longer ejaculation latency during the first ejaculatory 
series (Table 5.7). Median values showed that lidocaine injected males took 
longer (506.4) than saline controls (370). It has been suggested that this 
increase was most probably due to subjects #1 and #2. 
However, what this particular finding signifies as far as prior 
induction of perioral anapsis is concerned is difficult to assess. Experiment 4 
found no significant differences in ejaculation latency between saline 
injected males paired with different female types until series three when it 
was found that those males paired with presenting and darting females 
ejaculated faster than males paired with hopping females. This previous 
finding coupled with the observations from this experiment suggests that it 
is not unlikely that the observed difference may be due to chance. 
5.14.9 Males paired with darting females 
C-onsideration of data gathered for copulating males paired with 
darting females shows that differences did occur in the copulatory 
parameters of these males in comparison to that of their saline controls 
(Table 5.7). No differences in the ability to initiate and ejaculate were found 
between lidocaine and saline injected males. No disruption of the copulatory 
pattern leading to ejaculation as governed by the number of mounts and 
intromissions leading to ejaculation was observed for anaptic and non-
anaptic copulators. This finding would indicate that the copulatory 
mechanism was not affected by injection of lidocaine. 
A significant difference in the latency to begin the intromissive 
pattern leading to ejaculation was however found. Both anaptic and non-
anaptic males took longer to initiate copulation than their saline controls. In 
addition the intervals between intromissions leading to ejaculation were 
significantly longer as was the post-ejaculatory interval. The finding that the 
effects of perioral anapsis on the sexual behaviour of males can be linked to 
the levels of precopulatory behaviour emitted by females is intriguing. 
The results of this experiment would indicate that a combination of 
sexual naivete and loss of perioral sensation render males in to such a state 
that those males paired with females displaying presenting, presenting and 
hopping and hopping precopulatory behaviour do not initiate copulation in 
the presence of perioral anapsis. Moreover, the induction of perioral anapsis 
by injection of 1% lidocaine has the effect of preventing initiation of 
copulation by these males even when perioral anapsis is no longer present. 
Those males paired with hopping and darting females do not 
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initiate copulation during the presenc~ of perioral anapsis because they are in 
some way rendered into such a suboptimal state that the stimuli expressed by 
the female are not sufficient to induce copulation. However, upon cessation 
of perioral anapsis 50% of these males will initiate copulation with hopping 
and darting females. However, males paired with those females _9isplaying 
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the highest form of precopulatory behaviour (darting) are able~initiate 
copulation while perioral anapsis is present. It would seem then 'that this 
female type is able to overcome the double sub-optirnisation of behavioural 
state (sexual naivete, anapsis) in some way. 
That all males did not initiate copulation with hopping and darting 
females when perioral tactile sensation returned is indeed intriguing. It 
might be that males become habituated to the stimuli provided by the 
female. As has been explained in Chapter 3 the strategy employed_ with those 
males that initiated was that if initiation occurred within the pre-defined 
period of 90 minutes then the experimental session would be extended for a 
further 90 minutes. Evaluation of those males which did initiate is therefore 
not only governed by the fact that they did initiate copulation but whether or 
not they continued until the end of the session. 
The precopulatory behaviour of females may not evident during the 
whole length of the experimental session. It could then be supposed that 
when males do not initiate copulation this might be due to the fact that 
females are no longer displaying the appropriate levels of precopulatory 
behaviour. However, females display the appropriate level of copulatory 
behaviour for some hours (Madlafousek and Hlinak, 1977). Also, in 
Experiment 4 males initiated copulation with females some 57 minutes after 
introduction to the female. This observation suggests that the female is still 
emitting a level of copulatory behaviour sufficient to arouse the male to 
copulation. 
In order to asses the possibility that the level of female behaviour 
was in some way altered by the noncopulation of males and either declined 
or was no longer evidenced as the session length increased was assessed by 
scrutiny of relevant video tapes. It was noted that when the effects of 
lidocaine might appear to have worn off females were still displaying 
precopulatory behaviour. Females continued to solicit until the end of the 
experimental session. 
As noted previously, the males which did not initiate copulation 
usually assumed a somnolent posture only occasionally raising themselves 
for investigation of the cage and to indulge in facial washing and general 
grooming. It was noted that more often than not when a male started to 
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move around the cage the female would go through the appropriate 
behavioural repertoire. This persistence in behaviour continued to the end 
of the session and as such amply supported the findings of Madlafousek and 
Hlinak (1977) that female precopulatory behaviour is not tied to the 
behaviour of the male ands that it stays present during the dura_~on of 
hormonal readiness. ~ 
' The noncopulation of anaptic males with those females displaying 
lower intensities of precopulatory behaviour may be due to the way in which 
the female places her body to allow mounting by the males. However, as we 
have seen in Chapter 3 all females displaying precopulatory behaviour above 
that of lordotic assume the presenting posture as a terminator to their own 
particular behavioural sequence. Females therefore all exhibit the same 
posture to males so if it were the case that orientation to the female was 
disrupted one would expect that all males would show difficulty in 
mounting the female. This however was not the case. Males did not attempt 
copulation and then desist from further attempts due to an inability to 
successfully orient to the female. Quite simply, no attempt to mount the 
female was made. Noncopulation by anaptic males paired with different 
females is thus not due to an inability to orient to the female so that 
insertion could occur, but, that in some way, the loss of trigeminally 
mediated sensory information had an effect on their ability to begin 
copulation. 
In Chapter 4 sexually naive males as well as ~hose reared under 
different conditions can be viewed as being in a suboptimal state. It was 
further argued that this suboptimal state is analogous to that of males with 
or without sexual experience which are then castrated and then put on 
hormone regimes. Different levels of precopulatory behaviour emitted by 
females are able to overcome the behavioural state of the male. 
The combination _of sexual naivete and loss of perioral sensation 
render the preparations in to such a state that those males paired with 
hopping and darting females do not initiate copulation during the presence 
of perioral anapsis because they are in some way rendered into such a sub-
optimal state that the stimuli expressed by the female are not sufficient to 
induce copulation. 
However, males paired with those females displaying the highest 
form of precopulatory behaviour are able to initiate copulation while 
perioral anapsis is present. It would seem then that this female type is able to 
overcome the double sub-optimisation of behavioural state (sexual naivete, 
anapsis) in some way. It appears that disruption of trigeminally mediated 
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information is such that when copulating with darting females in the 
presence of perioral anapsis males display a retardation of behavioural 
initiation rather than a disruption of copulation. 
- ~ 
---
•:-
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Chapter 6: Experiment 6 - The effects of 1% lidocaine injected into the 
masseter muscle of sexually naive adult male rats on their first pairing with 
sexually receptive females 
6.1 Introduction 
Experiments 1 and 2 have shown the impact over time of lidocaine 
induced anapsis and vibrissa! paralysis. The injection of lidocaine into the 
vibrissa! pads blocked transmission from the mystacial vibrissae. Experiment 
5 showed that injection of lidocaine into the mystacial pads impaired 
copulation by males paired with receptive females. Males with mystacial 
anaesthesia did not copulate with females displaying levels of precopulatory 
behaviour below that of darting. Also, males paired with hopping and 
darting females initiated copulation only when it might be supposed that the 
effects of lidocaine had worn off. 
At this stage, it appears that disruption of information from the 
vibrissae is responsible for the disruption of male copulation. However, the 
reasons for noncopulation of males injected with lidocaine in the vibrissa! 
pads may not involve loss of vibrissa! information. This experiment 
examines alternative explanations which may account for the noncopulation 
of males in Experiment 5. Sexually naive males were injected with either 
lidocaine or saline in the masseter muscle and paired with presenting 
females. 
Firstly, this experiment addresses the patterns of sexual behaviour 
which are observed after lidocaine injection and seeks to discover whether or 
not they are comparable with saline controls and data gathered from 
Experiment 4 which examined the behaviour of saline _injected males paired 
with different female types. 
Secondly, the mystacial region is highly vascularised and the 
possibility exists that systemic invasion by lidocaine via the blood supply is 
responsible for the effects seen in Experiment 5. The masseter muscle is 
richly supplied by arterial systems and injection of lidocaine into this region 
could be supposed to be a suitable control for systemic toxicity caused by 
injection of lidocaine. 
Thirdly, arguments have been presented in Experiments 1 and 2 that 
intramystacial injection of lidocaine gives rise to sensory block of the 
infraorbital branch of trigeminal only (Fink, Aasheim, Kish and Croley, 
1975). It is possible that any large reduction in the amount of information 
available to the trigeminal system might result in the cessation or abolition 
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of behaviour. The mandibular branch of trigeminal supplies the masseter 
region and provides significant sensory input (Greene, 1969; Mazza and 
Dixon, 1972). The injection of lidocaine into the masseter muscle should 
remove sensory input to the trigeminal system from the mandibular branch. 
Fourthly, beside the possibility that a general reduction irl sensory 
~ 
information to the trigeminal is responsible for noncopulation--ih male rats, 
' 
other sensory functions are interfered with by intramystacial lidocaine. The 
vibrissa! paralysis observed in Experiments 1, 2 and 3 and 5 is due to 
interference with branches of facial nerve VII which innervate muscles of 
the mystacial pad (Greene, 1969). Previous researchers have shown that 
masseteric injection of lidocaine abolishes the movement of vibrissae while 
leaving sensory information from the mystacial pads intact (Kenyon, Cronin 
and Keeble, 1981; 1983). The abolition of vibrissa! movement by masseteric 
lidocaine would aid in the assessment of vibrissa! function in male 
copulation. 
6.2 Abbreviations 
The following abbreviations will be used throughout: 
Naive males injected with lidocaine in the masseter muscle paired with: 
Presenting females = LM 
Naive males injected with saline in the masseter muscle paired with: 
Presenting females = SM 
Naive males injected with saline in the vibrissa! pads paired with: 
Presenting females = SP 
6.3 Experimental method 
6.3.1 Subjects 
12 sexually experienced ovariectomised female Wistar rats (198- 251 g) 
aged 123 days. 
24 sexually experienced male Wistar rats (408- 464 g) aged 143 days. 
These males were used for pre-tests to determine female precopulatory state. 
24 sexually naive male Wistar rats (396 - 452 g) aged 100 - 104 days 
(mean 102 days) were used as experimental subjects. 
6.3.2 Housing, rearing etc. 
As described in Chapter 3. 
6.3.3 Experimental procedure 
As described in Chapter 3. 
6.3.4 Treatments 
Subjects were randomly assigned to one of the following treatment 
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groups: 
A: Lidocaine, (n = 12): 0.2 ml of 1% lidothesin injected 
bilaterally into the masseter muscle. 
B: Saline, (n = 12): 0.2 m1 of 0.9% physiological saline 
injected bilaterally into the masseter muscle. 
.-! 
Volume, strength and concentration of saline and lidocam:e are the 
same as used by previous researchers for masseteric injection (Kenyon, 
Cronin, and Keeble, 1981; 1983). To inject saline or lidocaine into the 
masseter muscle, an anaesthetised rat was first placed lying on its side on a 
table. Injection was carried out by inserting the needle caudally at an angle of 
about 30 degrees and pushing it firmly into the masseter muscle. The syringe 
contents were then injected very slowly. Following the injection of saline or 
lidocaine into the masseter muscle no impairment in vibrissa} movement 
was apparent. 
6.4 Results - Descriptions of copulatory behaviour 
Table 6.1 shows the number of subjects ejaculating at each series 
during 90 minute trials. 
6.4.1 Saline masseter muscle 
The range of ejaculatory frequency (EF) was from 0 to 8 with a median 
of 3.5. 
6.4.2 Lidocaine masseter muscle 
The range of EF was from 0 to 7 with a median of 4.5. All males 
initiated copulation but two males which initiated failed to ejaculate. 
6.5 Results - Distribution of ejaculatory frequency 
For both SM and LM males the distributions of ejacultory frequency 
were negatively skewed. 
6.5.1 Initiation and ejaculation 
All SM and SL males paired with presenting females initiated copulation. 
One of the SM males which initiated copulation failed to ejaculate at least 
once, as did two LM males. This can be compared to the findings of 
Experiment 4 which found that three mystacially injected males paired with 
hopping and darting females failed to ejaculate once copulation had begun. 
Table 6.1 Number of subjects ejaculating. Presenting females. Naive males. 
Saline or lidocaine masseter muscle. 
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Series 1 2 3 4 5 6 7 8 
Saline 1 1 1 1 8 6 3 2 1 1 
Lidocaine 1 0 9 9 8 6 4 2 -
-. 
Experiment 4 also found that one male paired with a presentin&Jind hopping 
female failed to ejaculate following initiation. It would seem that failure to 
ejaculate once copulation is initiated is not affected by injection of lidocaine 
into the masseter muscle. 
6.5.2 Minimum and maximum values of ejaculatory frequency 
Minimum values of EF for LM and SM males were the same at zero, 
while maximum values stood at seven and eight respectively. Experiment 4 
found that males mystacially injected with saline and paired with presenting 
females had minimum and maximum values of ejaculatory frequency at 0 
and 8. The results of this experiment as well the findings in Experiment 4 
would indicate that masseteric injection of either saline or lidocaine has no 
effect on ejaculatory frequency. 
6.5.3 Statistical comparison of ejaculatory frequency 
Mann-Whitney comparison showed no difference in ejaculatory 
frequency between SM and LM groups (U = 21.5, P>0.8). As has been shown 
above median values of EF for SM and LM males were 3.5 and 4.5 
respectively. 
6.6 Results - Mount latency and intromission latency 
6.6.1 Mount latency 
No difference in the latency to begin copulation was found between 
males injected with either saline or lidocaine in the masseter muscle (Mann-
Whitney, W = 102, P>0.5). Median values show that SM males took 282 
seconds and LM males 276 seconds to initiate the copulatory sequence. 
When ML as a function of ejaculatory frequency is considered a clear 
reduction in ML at every ejaculation was seen for SM males from 
ejaculation two to eight. ML as a function of ejaculatory frequency for LM 
males also appeared to show a clear reduction as E increased. 
These observations confirm the results of Experiment 4 that ML is 
lower for males with a higher ejaculatory frequency. 
6.6.2 Intromission latency 
No difference in IL was found between SM and LM males (Mann-
Whitney, U = 48, P>O.lO). 
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IL as a function of ejaculatory frequency shows a very clear reduction 
in IL for SM males as ejaculatory frequency increased. 
It is apparent that IL shows a steady decrease as EF increases. This 
finding corresponds well with data from Experiment 4 which found that IL 
decreased as ejaculatory frequency increased for SP males. 
6.6.3 Discussion of mount latency and intromission latency .-~ 
~ -
As we have seen in Experiment 4 males injected with saline in the 
vibrissa! pads also show a decrease in IL as EF increases which corresponds to 
results found by other researchers. 
However, it would appear that when speed of initiation of sexual 
behaviour and initiation of copulation are considered, the injection of saline 
or lidocaine into the masseter muscle has no effect on the copulatory 
behaviour of sexually naive males paired with presenting females. 
6.7 Results- Mount frequency 
Mount frequency (MF), is the number of mounts without 
intromission in each ejaculatory series. 
No difference in the number of mounts displayed by SM and LM 
males was found at all ejaculatory series. 
As described in Experiment 4 (Chapter 4) mount frequency is reported 
as following a U shaped function from initiation to exhaustion in sexually 
experienced male rats. Most mounts are shown in the first series which is 
reduced on the second and then increases as exhaustion approaches. 
Figure 6.1 graphs the median values for males paired with presenting 
females . For SM males, no clear reduction in MF from series one to two is 
seen and although an increase in MF is evident, it can hardly be described as 
U shaped. For LM males, the picture of MF is rather different. A reduction in 
MF is observed between series one and two and the data can be described as 
following a U shaped path from series one to four. Experiment 4 found that 
males pair with presenting females showed an increase in mount frequency 
from series one to two. All other female type pairings in Experiment 4 
showed a decrease from series one to two. 
6.7.1 Total number of mounts 
No differences in the minimum or maximum number of mounts 
during a series was found. 
6.7.2 Comparison of individual data 
We have already seen in Experiment 4 that as EF increases so MF is 
reduced. However, the reduction in MF for SM males was not particularly 
clear as the subject population in each series was small. When series two, 
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three and four are considered there appeared to be a reduction in MF as EF 
increased (10.5, 5, 5). The lowest value was shown by the single subject that 
achieved eight ejaculations with a mount frequency of 3.5. LM males showed 
a reduction in MF as EF increased with an MF of 8 for series one and three 
and an MF of 6.5 and 3 for series seven and eight. 
6.8 Results - Intromission frequency 
- ~ 
":7 . 
Intromission frequency (IF), is the number of intromissions in an 
ejaculatory series. 
No differences in the number of intromissions during any series was 
found between saline and lidocaine injected males. Experiment 4 showed 
that intromission frequency shows a decrease from the first series to the 
second and thereafter remains relatively stable although the curve can be 
described ·as a rough reversed J. Figure 6.2 shows the median values of 
intromissions for SM and LM males. This figure shows that for SM males IF 
drops from 8 in the first series to 4 in the second and is reasonably stable after 
this with a rise towards the end of the experimental session. Lidocaine 
injected males display a drop from series one to series two with a rise at 
series five and series six. 
6.8.1 Total number of intromissions 
No differences in the minimum number of mounts (SM == 0, LM == 1) 
expressed during a series is found . 
6.8.2 Intromissions per ejaculation: a comparison 
Experiment 4 showed that intromission frequency does not vary as a 
function of ejaculatory frequency. IF for saline injected males did not vary as 
EF increased. Data for lidocaine injected males shows that at ejaculatory 
series one and three a drop in IF (10, 7) ocurred although stability is shown 
from series four to seven. 
No differences exist between saline and lidocaine injected males. The 
comparison of data from this experiment with that of Experiment 4, shows 
that the effect of saline or lidocaine injection into the 
masseter muscle appears to have no effect on number of intrornissions. The 
sharp drop in intrornissions after the first series closely follows that of 
untreated animals as described in Experiment 4. 
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6.9 Results- Ejaculation latency from first intromission 
Ejaculation latency (EL), is the latency from the first intromission of a 
series to its termj.nal ejaculation expressed in seconds. 
No significant difference in ejaculation latency was foundrbetween 
....;_~ 
saline and lidocaine injected males paired with presenting fe~s at any 
series. 
6.9.1 Graphical analysis 
EL is proposed to display a U shaped curve with a high on the first 
ejaculatory series low on the second and to increase as exhaustion 
approaches (Experiment 4). 
Figure 6.3 contains median values of ejaculation latency for both SM 
and SL males. The data for saline injected males shows the requi1?ite decrease 
between the first and second series with a rise to the fourth series. Lidocaine 
injected males also display a drop with a curve to the fifth ejaculatory series. 
6.9.2 Comparison of individual data 
Experiment 4 has confirmed that EL is shorter for males with higher 
values of ejaculatory frequency. Saline injected males showed a decrease in 
EL as did lidocaine injected males. In both conditions the highest ejaculators 
very clearly displayed the shortest ejaculation latencies. 
6.10 Results - Mean interintromission interval 
Mean interintromission interval (MIII), is the mean interval 
separating the intromissions of a series. No significant differences in MIII 
were found between saline and lidocaine injected ma.les at any ejaculatory 
series. 
6.10.1 Graphical analysis 
Figure 6.4 shows a graphical representation of Mill for saline and 
lidocaine injected males. As we have seen in Experiment 4 an expected drop 
in Mill between the first and second series was not found for saline injected 
males paired with presenting females. 
Figure 6.4 shows that both saline and lidocaine injected males also 
show an increase in Mill from the first to the second ejaculation. Saline 
injected males show fluctuation in MIII as series increase although lidocaine 
injected males show the predicted stability in Mill from series two onwards. 
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6.11 Results- Post-ejaculatory interval 
Post-ejaculatory interval (PEI) is the time from ejaculation to the next 
intromission which begins a copulatory series expressed in seconds. 
No significant difference in post-ejaculatory interval at any! series was 
-1: 
found between saline and lidocaine injected males. The clear ~ar increase 
in PEI as exhaustion approaches which was found in Experiment' 4 is also 
observed for SM and LM males. Figure 6.5 shows a graphical representation 
of this trend 
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6.12 Discussion 
6.12.1 Sexual behaviour 
No difference in the behaviour of males injected with saline or 
lidocaine in the masseter muscle were observed. The behaviour -of these 
~; 
males when paired with presenting females is virtually the sa~as that of 
males injected with saline in the vibrissa! pads (Experiment 4). The 
similarity of this data to that of Experiment 4 and of other researchers shows 
that masseteric injection of lidocaine has no significant effect on the sexual 
behaviour of naive male rats paired with presenting females. 
6.12.2 Systemic toxicity 
The vascularised nature of the mystacial pad means that lidocaine 
could enter the bloodstream via the infraorbital and angular arte!ies. General 
debilitation might have subsequently occurred impairing animals so that 
they did ~ot copulate. 
The masseter region receives an abundant blood supply from the 
masseteric artery as well branches from the angular artery, inferior and 
superior labial arteries, superficial temporal artery and the posterior superior 
alveolar artery. As noted previously, the intramuscular injection site of 
lidocaine meant that the needle point at least penetrated through the 
anterior (and possibly the posterior) superficial masseter muscle. This depth 
of penetration means that ample opportunity was given for lidocaine to 
enter the bloodstream via the masseteric and muscular branches of the 
internal and external maxillary as well as the superficial and temporal and 
transverse facial arteries. 
While it might be argued that the use of the vasoconstrictor 
adrenaline would reduce the likelihood of diffusion, it should be noted that 
0.2 ml of solution is not an insignificant volume and that slow injection 
would aid its spread throughout the masseter. Because of the ample blood 
supply to the masseter region it is suggested that masseteric injection of 
lidocaine is a suitable control for systemic toxicity caused by vibrissa! 
injection of lidocaine 
6.12.3 General loss of trigeminal information 
The possibility that prevention of male copulation by mystacial 
lidocaine injection may not have been the result of loss of vibrissa! 
information alone is worth considering. The infraorbital branch is only one 
of the two major sensory branches of the trigeminal nerve. It is possible that 
suppression of information transmission from any one of these branches 
might cause a significant drop in the general (or background) level of 
information available to cortical processes and thus be responsible for the 
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non-appearance of copulatory behaviour. 
However, injection of lidocaine into the masseter muscle should have 
removed information from the mandibular branch of the trigeminal nerve. 
If sensation was removed from this portion (at the junction of opthalmic 
and mandibular divisions in the Gasserian ganglion) then a significant 
portion of orofacial input should have been removed. As we nJ.e seen -~ 
however, masseteric injection does not prevent copulation, and it would 
seem that a general reduction in sensory information is therefore not 
responsible for non-appearance of copulatory behaviour in males injected 
with lidocaine in the vibrissa! pads. 
6.12.4 Absence of vibrissa! paralysis 
Thus far it has been argued that masseteric injection of lidocaine has 
the effect of blocking information from the mandibular branch o~ the 
trigeminal nerve. However, branches of the facial nerve VII also traverse 
and innexyate the lower jaw. While masseteric injection may well have an 
effect on the mandibular branch of the trigeminal nerve, it might also 
remove information from the facial nerve. 
Kenyon, Cronin and Keeble (1983) reported that masseteric injection of 
lidocaine does not affect perioral tactile sensitivity, but that vibrissa! 
movement - and thus tactile placing - is affected. This finding is intriguing as 
no vibrissa! paralysis was observed in any of the males injected with 
lidocaine in this study. Although Experiments 1, 2, and 3 showed that 
intramystaciallidocaine gave rise to anapsis, vibrissa! paralysis, and abolition 
of tactile placing, the effects of masseteric lidocaine were not investigated. 
Kenyon et al. (1983) report that lidocaine was injected "in the region of the 
masseter muscles" (pp 256) and that following this treabnent "the vibrissae 
adopt a swept-back position close to the head" (pp 260). Additionally, Kenyon 
et al. (1983) severed the buccal, ramus marginalis mandibulae, and cervical 
branches of the facial nerve and found that vibrissa! paralysis occurred. 
The movement of vibrissae is controlled by the levator labii 
superiosis. The buccal branch of the facial nerve crosses the masseter and 
supplies the superficial muscles of the face, the nose, and the upper lip, the 
ramus marginalis mandibulae extends forwards to muscles of the lower lip, 
while the cervical branches supply the platysma muscles of the ventral 
surface of the neck (Greene, 1969). The paralysis of vibrissa! movement 
observed by Kenyon et al. (1983) following facial nerve section was therefore 
due to section of the buccal branch. Kenyan et al. (1983) note that the facial 
nerve is located close to the site of their intra-masseteric injection of 
lidocaine, thus the closeness of the buccal branch of facial nerve VII to their 
injection would account for the vibrissa! paralysis observed. 
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It may well be that when masseteric injection was carried out in this 
experiment the site of injection was such that the buccal branch of the facial 
nerve was not affected. The method of injection was carried out from a 
caudal direction at an angle of 30 degrees. This method of injection into the 
anterior masseter muscle seems to avoid the blocking of infor~tion along 
the facial nerve and thus the induction of vibrissa! paralysis. --4-
6.12.5 Vibrissa! movement - Control for perioral anapsis 
As vibrissa! movement was not affected by this experiment it could be 
argued that it has not provided a suitable control for the role of the mystacial 
vibrissae in male sexual behaviour. Experiments 1 and 2 found that 
intramystacial injection of lidocaine not only induced perioral anapsis but 
disrupted vibrissa! movement by interfering with the buccal branch of the 
facial nerve. If loss of vibrissa! information is the cause of the non-
-
appearance of male sexual behaviour then, had vibrissa! paralysis occurred 
in this experiment, it would strengthen the case for this hypothesis. 
However, Kenyan et al. (1983) were able to use vibrissa! paralysis 
induced by masseteric lidocaine as well as facial nerve section to show that 
primaparous dams were not affected in their ability to retrieve pups. 
Additionally, as Kenyan et al. (1983) have argued, facial nerve section as well 
as masseteric injection of lidocaine provides a control for the possibility that 
deficits due to interference with vibrissa! information are the result of 
disorientation due to a reduction in sensory input. Kenyan et al. (op cit) also 
pointed out that these results support the contention that interference with 
vibrissa! function alone is not responsible for their finding that 
intramystadal lidocaine interferes with maternal retrieving. Kenyan, Cronin 
and Keeble (1981; 1983) also showed that removal of vibrissae by shaving did 
not impair the ability of dams to retrieve pups. 
The work of Kenyan et al. (1981; 1983) suggests that, when 
manipulations are carried out which leave the infraorbital branch of 
trigeminal intact but remove the active components of environmental 
sampling by the vibrissae (facial nerve lesion, masseteric injection, vibrissa! 
shaving), no effect on trigeminally mediated behaviour can be found. 
These findings are coupled with the observation that maternal 
retrieving is disrupted by surgical lesion of the infraorbital nerve which 
leaves vibrissa! movement intact (Kenyan, et al. 1983). 
It is suggested that even though vibrissa! movement was not absent in 
this particular experiment the previous work of Kenyan et al. shows that 
disruption of vibrissa! movement per se cannot be responsible for the 
abolition of sexual behaviour in virgin male rats observed in Experiment 5. 
Even though it is felt that the work of these previous researchers can be used 
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as a basis for the contention that lack of vibrissa! movement is not solely 
responsible for noncopulation an alternative argument must be considered. 
Kenyan et al. (Kenyan, Cronin and Keeble, 1981; Kenyan, Cronin and 
Malinek, 1981; Kenyan, Cronin and Keeble, 1983) have provided 
interpretations of the role of trigeminal function as mediated bY.Jhe 
-t infraorbital branch which are based on behaviours which hav~ apparent 
oral component. Kenyan et al. (Kenyan, Cronin and Malinek, 1981) found 
that intramystacial injection of lidocaine disrupted suckling in pups younger 
than 12 days. Kenyan et al. (Kenyan, Cronin and Keeble, 1981, 1983) 
investigated trigeminal function in maternal retrieving and found that 
intramystacial lidocaine and infraorbital nerve section disrupted retrieving. 
However, the use of intramystaciallidocaine in this study is not 
concerned with a behaviour that has an obvious oral component._ It could be 
argued that the difference in behaviours as well as the orosensory framework 
and analysis of trigeminal deafferentation utilised by Kenyan et al. (Kenyan, 
Cronin and Malinek, 1981; Kenyan, Cronin and Keeble, 1981; 1983) renders 
the comparison of loss of vibrissa! movement in their studies with this one 
untenable. However, as we have seen the disruption of vibrissa! whisking by 
either intramystaciallidocaine or facial nerve section seems only to disrupt 
the tactile placing response which utilises vibrissa! cues (Experiments 1 and 
2, Kenyan, Cronin and Keeble; 1981, 1983). Additionally, Experiment 3 
showed that disruption of vibrissa! movement and perioral anapsis did not 
affect the ability of male rats to manoeuvre in a complex environment. 
Vibrissa! paralysis caused by the interference of information from the 
buccal branch of facial nerve Vll serves only to remove one way of sampling 
information from the environment. Disruption of whisking as caused by 
Kenyan et al. (1983) does not impair the ability of the infraorbital branch of 
trigeminal to receive and process information gathered by other means e.g. 
touch of inter-mystacial hairs against objects. The mystacial vibrissae are 
rooted in extremely sensitive mechanoreceptors i.e. Merkel cells and the 
intramystacial hairs are also capable of receiving and transmitting 
information. 
The movement of vibrissae therefore can be viewed as a method of 
enhancing information available to the somatosensory system via the 
infraorbital branch of the trigeminal nerve. In their studies of maternal 
retrieving Kenyan et al. (1981, 1983) used an apparatus which required that 
dams had to exit from a darkened chamber and then locate their pups. 
Kenyan et al. (1983) noted the time taken for a dam to exit from the darkened 
chamber and also to locate her pups. No differences were found between 
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dams with infraorbital section (perioral anapsis/vibrissal movement intact) 
facial nerve section (no anapsis/vibrissal movement absent). 
These results tell us that the initiation of behaviour and location of 
pups was not impaired. As we have seen in Experiment 3 the ability of 
animals to manoeuvre in a complex environment is not impaiurd. 
Additionally Experiment 5 has shown us that although lidoc~. injected 
~;o r 
males did not copulate it was noted that their 'interest' in the female was not 
any different to that of saline controls and they were able to orient to the 
female. 
Additionally, Experiment 5 has shown that intramystacial injection of 
lidocaine while preventing copulation of males paired with four different 
female types, did not prevent copulation of naive males paired with darting 
females. As has already been described in Experiment 5 those ma~es paired 
with darting females showed vibrissa! paralysis consistent with descriptions 
given in ~xperiments 1 and 2 and those of Kenyon et al. (1983) which have 
been presented above. 
It is therefore proposed that a lack of vibrissa! paralysis caused by 
masseteric injection of lidocaine in this experiment does not provide any 
problems for the contention that masseteric lidocaine is a suitable control for 
intramystaciallidocaine. The data gathered from experiments described so far 
coupled with that of previous researchers shows that abolition of vibrissa! 
movement does not interfere with the ability of rats to orient to and locate 
salient objects in their environment. 
6.12.6 Summary 
This experiment has shown that injection of lidocaine into the masseter 
muscle does not impair the initiation and maintenance of copulatory 
behaviour by naive male rats when paired with presenting females. 
Comparison of performance with saline controls and the data gathered and 
discussed in Experiment 4 has shown that masseteric injection of lidocaine 
does not impair the appearance of normative copulatory patterns in naive 
males. Masseteric injection of lidocaine removes sensory input to the 
trigeminal ganglion (Mazza and Dixon, 1972). This observation suggests that 
general reduction of information available to the trigeminal system is not 
responsible for noncopulation of male rats with sensory block of the 
infraorbital branch of trigeminal nerve V. 
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Chapter 7: Experiment 7 - The effects of 1% lidocaine injected 
intraperitonealy on the behaviour of naive adult male rats on their first 
pairing with sexually receptive females 
- 7.1 Introduction 
The use of an intraperitoneal injection in testing the effectS of local 
anaesthetics is a standard practice in toxicological laboratories. 
Intraperitoneal injection allows the calculation of lethal dose figures (LDSO) 
as well as an evaluation of the effects on internal organs. Lidocaine has 
potent effects on the CNS, SOmg/kg injected intraperitoneally will produce 
general anaesthesia in female rats, and a loss of righting reflex for more than 
20 minutes (Heinonen, 1966). The drug solution utilised in previ9us 
experiments contained lOmg lidocaine per ml of solution. A subject with a 
mean body weight of 250 gm injected with 0.2ml of the drug into each 
mystacial pad (total 0.4ml) therefore received a total dose of 16mg/kg of 
lidocaine. In order to investigate the possibility that systemic absorption of 
lidocaine was responsible for disruption of sexual performance, males were 
administered 0.8mllidocaine (17.77 mg/kg) intraperitoneally (twice the dose 
injected previously into the mystacial pads) in order to observe its effects on 
copulation of sexually naive males paired with presenting females. 
Firstly, this experiment examines the patterns of sexual behaviour 
which are observed after intraperitoneal lidocaine injection in order to 
discover any similarity with saline controls. In addition, the behaviour of 
experimental animals is compared to that observed in Experiments 4 and 6. 
Secondly, the differential effects of lidocaine following mystacial and 
masseteric injection could be interpreted as the result of a more rapid 
absorption of the drug by the numerous blood vessels of the mystacial pad 
when compared to the vascular supply at the masseter muscle. The results of 
the examination of intraperitoneal injection of lidocaine on the sexual 
behaviour of male rats are discussed. 
7.2 Abbreviations 
The following abbreviations will be used throughout: 
Naive males injected intraperitoneally with lidocaine paired with: 
Presenting females = LI 
Naive males injected intraperitoneally with saline paired with: 
Presenting females = SI 
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Naive males injected with saline in the vibrissa! pads paired with: 
Presenting females = SP 
7.3 Experimental methodology 
7.3.1 Subjects 
12 sexually experienced ovariectomised female Wistar rats '(232- 256 g) 
aged 137 days. 
24 sexually experienced male Wistar rats (441 - 484 g) aged 151 days. 
These males were used for pre-tests to determine female precopulatory 
state. 
24 sexually naive male Wistars rats (432- 446 g) aged 101 days were used 
as experimental subjects. 
7.3.2 Housing, rearing etc. 
As ~escribed in Chapter 3. 
7.3.3 Experimental procedure 
As described in Chapter 3. 
7.3.4 Treatments 
Subjects were randomly assigned to one of the following treatment 
groups: 
A: 
B: 
Udocaine, (n = 12): 0.8ml of 1% lidothesin injected 
intraperitonealy (17.77' mg/kg). 
Saline, (n = 12): 0.8ml of 0.9% physiological saline 
injected intraperitonealy. 
7.3.4.1 Calculation of lidocaine dosage 
The drug solution utilised in Experiments 1, 2, 3 and 5 contained 10 
mg of lidocaine per ml. of solution. A subject with a mean body weight of 450 
grams injected with 0.2ml of the drug into each mystacial pad (total 0.4ml) 
therefore received a total dose of 8.88 mg/kg of lidocaine. 
lOmg x 0.4ml x !QQQ mg/kg of lidocaine 
450gm 
= 4 mg x 2.22' = 8.88' mg/kg of lidocaine. 
Doubling the volume of lidocaine (0.8ml) gives a dose of 17.77' mg/kg. 
10mg x 0.8ml x 1000 mg/kg of lidocaine 
450gm 
= 8 mg x 2.22' = 17.77' mg/kg of lidocaine 
7.4 Results - descriptions of copulatory behaviour 
7.4.1 Saline intraperitoneal 
All males initiated copulation but four males failed to achieve one 
ejaculation. 
189 
7.4.2 Lidocaine intraperitoneal 
All males initiated copulation although six which initiated failed to 
ejaculate. 
7.4.3 Distribution of ejaculatory frequency 
7.4.4 Initiation and ejaculation _ . 
All males in both conditions initiated copulation. Howe~£, four SI 
-= · ""'!' r males and six LI males failed to ejaculate at least once. 
Experiment 4 examined the effects of intramystacial injection of saline 
on the copulatory performance of naive males and found that three males in 
each of the groups paired with lordotic and hopping and darting females 
failed to ejaculate. Experiment 6 found that one male injected with saline 
and two males injected with lidocaine in the masseter muscle failed to 
ejaculate after initiating copulation. 
Thus far it would appear that males injected intraperitoneally with 
either saline or lidocaine display the highest number of males failing to 
ejaculate a't least once following initiation of copulation. However, the 
inference that intraperitoneal injection of saline or lidocaine has some kind 
of effect on male copulation may be incorrect. 
7.4.5 Minimum and maximum values of ejaculatory frequency 
Minimum values of EF for SI and LI males were the same at zero, 
while maximum values stood at eight and six respectively. 
Consideration of initiation, ejaculation and minimum and maximum 
values of ejaculatory frequency would indicate that males injected with 
lidocaine do not differ from their saline controls. 
7.4.6 Distribution of ejaculatory frequency 
A negative distribution of EF for both SI and LI males paired with 
presenting females was ~- line with findings of skew in Experiments 4 and 6. 
Consideration of means and medians however, shows us that LI males 
appear to have had less subjects ejaculating. Most notably, those eight SI 
males which initiated a full copulatory sequence achieved a minimum of 
four ejaculations and four of these proceeded to account for five to eight 
_ejaculations. Of the six LI males which initiated copulatory sequences one 
achieved a single ejaculation and another three ejaculations. Three males 
achieved four ejaculations, and one achieved six. 
7.4.7 Statistical comparison of ejaculatory frequency 
Mann-Whitney comparison showed no difference in EF between 
groups (U = 47.5, P>O.lO). 
The finding that no significant difference in ejaculatory frequency 
exists between SI and LI males, allied with the observations presented above, 
would indicate that intraperitoneal lidocaine has no effect on the overall 
maintenance of copulatory behaviour once it has been initiated. 
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7.5 Results - Mount latency 
Mount latency (ML), is the latency in seconds from the start of the test 
to the first mount or intromission. 
No difference in the latency to initiate copulation was foW}d between 
saline and lidocaine injected males (Mann-Whitney, U = 15, P~). Median 
. ..:'i 
values show that SI males took 352 seconds and LI males 1274 seconds to 
initiate the copulatory sequence. When ML as a function of ejaculatory 
frequency is considered for SI males a reduction in ML between four and 
eight ejaculations is found. 
ML as a function of ejaculatory frequency for LI males also appears to 
show a clear reduction as ejaculations increase. The single male which 
ejaculated once took 2932.22 seconds to initiate while the three Ill:.ales which 
ejaculated four times took 1500.03 seconds. These observations confirm the 
results of _Experiments 4 and 6 that the higher the number of ejaculations 
shown the more likely it is that ML will be lower. 
7.5.1 Intromission latency 
Intromission latency (IL), is the latency in seconds from the start of a 
test until the first intromission. 
No difference in the latency to begin the intromissive pattern leading 
to ejaculation was found between males injected intraperitoneally with 
either saline or lidocaine (Mann-Whitney, U = 15, P> 0.2). 
Median values showed that LI males took 1676 seconds and SI males 
458 seconds to begin an ejaculatory series. Intromission latency as a function 
of ejaculatory frequency showed a reduction for SI males as ejaculations 
increased. IL as a function of ejaculatory frequency for LI males also showed a 
decrease as frequency increased. IL showed a steady decrease as ejaculatory 
frequency increased. This finding corresponds well with data from 
Experiments 4 and 6 which also found that intromission latency decreased as 
ejaculatory frequency increased for males paired with presenting females. 
7.5.2 Discussion of mount and intromission latency 
When the latency to initiate and begin the copulatory pattern leading 
to ejaculation is considered the injection of saline or lidocaine 
intraperitoneally has no effect on the copulatory behaviour of sexually naive 
males paired with presenting females. 
Experiments 4 and 6 have observed that when ML and IL were being 
considered the possibility might occur that ML and IL were measures of the 
same behavioural event. In this experiment the same behaviours 
(intromissions) contributed to measures of ML and IL for ejaculations four to 
eight for SI males. 
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7.6 Results - Mount frequency 
Mount frequency (MF), is the number of mounts without 
intromission in each ejaculatory series. 
No differences in the number of mounts shown by SI and~I males 
was found in any ejaculatory series. Experiments 4, 5 and 6 hav_ei~escribed 
mount frequency as following a U shaped function from initiation to 
exhaustion in sexually inexperienced male rats. · 
Figure 7.1 shows a graphical representation of median values for 
males paired with presenting females. For SI males a reduction in MF from 
series one to two is seen and an increase in MF is evident from series two to 
four. For LI males a reduction in MF is observed between series one and two 
and the data can be described as following a U- shaped path from _series one 
to six. 
7.6.1 Total number of mounts 
The minimum number of mounts expressed during a series was zero 
and two for SI and LI males respectively. The largest number of mounts 
recorded for SI and LI males is 31 and 58 respectively. 
We have already seen in Experiments 4, and 6 that as ejaculatory 
frequency increases so MF is reduced. LI males also show a reduction in 
mount frequency as ejaculatory frequency increases with an MF of 8 for four 
series and an MF of 3.5 for six ejaculatory series. 
7.6.2 Discussion of mount frequency 
It is possible to conclude that there are no differences between SI and 
LI males in terms of mount frequency over ejaculatory series or when total 
mount frequency is considered. Data for SI and LI males would indicate that 
normative curves in mount frequency both over series and as a function of 
ejaculatory frequency are evident. 
As with mount and intromission latency it would seem that the 
injection of saline or lidocaine intraperitonealy has no effect on the 
copulatory behaviour of sexually naive males paired with presenting 
females. 
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7.7 Intromission frequency 
Intromission frequency (IF), is the number of intromissions in an 
ejaculatory series. 
No difference in the number of intromissions expressed ~pring any 
ejaculatory series was found between males injected intraperitcrrt"eally with 
f 
either saline or lidocaine. Intromission frequency over ~jaculatory series 
shows a drop from the first series to the second and thereafter gives rise to 
what may be described as a reversed-} shape (Experiments 4, 5 and 6). Figure 
7.2 shows the median values of intromissions for both saline and lidocaine 
injected males. It can be seen from this figure that both saline and lidocaine 
injected males display a drop in intromission frequency from the first to 
second ejaculatory series and a rise thereafter 
7.7.1 Total number of Intromissions 
No.difference in the minimum number of mounts (SI= 0, LI = 2) 
during a series was found. 
7.7.2 Intromissions per ejaculation a comparison 
Experiments 4 and 6 showed that intromission frequency does not 
vary as a function of ejaculatory frequency. 
For series four to seven intromission frequency did not vary (7, 7, 6 9) 
although it is interesting to note that the single subject achieving eight 
ejaculations had a median IF of three. 
At series one the highest value of ten showed by a single subject 
reflected the higher number of intromissions expected during the first series. 
7.7.3 Discussion of intromission frequency 
Evaluation of number of intromissions expressed in each ejaculatory 
series has shown that no differences exist between SI and LI males. The sharp 
drop in intromissions after the first series closely follows that described in 
Experiments 4 and 6. 
194 
-..P 
()'\ 
NUMBER OF INTROMISSIONS 
Presenting Females. Naive Males. Saline or Lidocpine . INTRAPE.RITONEAL 
20 
(/) 6 1~·: 
(/) 
(/) 
~ 
0 
01:: 
~ 1~ 
u. 
0 
01:: 
w 
m 5 ~ 
:::> 
z 
z 
< 
c 
w 0 ~ 
2 
)!I 
/ 
,,D 
/ 
/ 
3 ~ 5 6 
EJACULATORY SERIES 
7 8 
i I 
.'IJ , I 
.. ! • •• } ... ,.... ... 
· L~gend 
• Saline 
0 Lldoc'alne 
--· 
7.8 Results- Ejaculation latency from first intromission 
Ejaculation latency (EL), is the latency from the first intromission of a 
series to its terminal ejaculation expressed in seconds. 
No significant difference in ejaculatory latency was foun<tpetween 
males injected intraperitoneally with either saline or lidocaine~/id paired 
with Presenting females for all series. 
7.8.1 Graphical analysis 
I 
EL is supposed to display a U shaped curve with a high on the first 
ejaculatory series, a fall on the second, and increase as exhaustion approaches 
(Experiments 4 and 6). Figure 7.3 contains median values of ejaculation 
latency for both saline and lidocaine injected males. This figure shows that 
for both SI and SL males ejaculation latency does indeed 
have a U shaped function. 
7.8.2 Comparison of Individual data 
Experiments 4 and 6 have shown that ejaculation latency is shorter for 
males with higher values of ejaculatory frequency. The data for saline 
injected males showed a reduction in ejaculation latency as series increased 
from series three through to series eight. Data for lidocaine injected males 
did not however show the same clear decrease. Experiment 4 found that 
while EL did decrease as ejaculatory frequency increased this effect was not 
displayed by all female type pairings. In Experiment 4 it was found that males 
paired with females displaying the highest level of precopulatory behaviour 
(darting) showed a rise and then a fall in EL as ejaculatory frequency 
increased. The distortion observed in this experiment for LI males is most 
probably due to the small amount of data available at each series. 
7.9 Results- Mean interintromission interval 
Mean Interintromission Interval (MIII), is the mean interval 
separating the intromissions of a series. 
No significant differences in Mill were found between males injected 
intraperitoneally with either saline or lidocaine at any ejaculatory series. 
7.9.1 Graphical analysis 
Figure 7.4 shows a graphical representation of Mill for saline and 
lidocaine injected males. Experiments 4 and 6 found that the expected 
normative drop in Mill between the first and second series did not appear to 
occur in a clear cut manner. In this case however a drop in Mill is observed 
for both SI and LI males between series one and two. 
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7.10 Results - Post-ejaculatory interval 
Post-ejaculatory interval (PEI), is the time from ejaculation to the next 
intromission which begins a copulatory series expressed in seconds. 
No significant difference in post-ejaculatory interval was .f"Qund at any 
-#_; 
series between males intraperitoneally injected with either salitie.-or 
' lidocaine. Figure 7.5 shows median values of PEI for both saline and 
lidocaine injected males. The expected linear increase as found in 
ExperimeJ)ts 4 and 6 can be seen in this figure. 
7.10.1 Comparison of individual data 
When PEI is considered as a function of ejaculatory frequency for each 
condition, it would appear, that this phenomenon also occurs for lidocaine 
injected males which show a reduction over series three, four an~ six. The 
data for saline injected males is however not as clear with fluctuations being 
displayed_ from series four to eight. However, Experiments 4 and 6 also found 
that fluctuations in PEI as a function of ejaculatory frequency occurred. 
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7.11 Discussion 
7.11.1 Sexual behaviour 
When measures of behaviour concerned with the initiation and 
maintenance of copulatory behaviour by naive males are consi<ifred the 
following information has been obtained. Firstly, no difference:1h the 
I 
copulatory performance of males injected intraperitonealy with saline 
compared to lidocaine injected males has been observed. Comparison of data 
from this experiment to that of Experiments 4 and 6 has shown that 
normative parameters of male copulation have been found. Secondly, more 
subjects in both conditions of this experiment failed to achieve at least one 
ejaculation in comparison to Experiments 4 and 6. This finding may be due 
to differences between the litters used in this experiment and those of 
Experiments 4 and 6. 
7.11.2 Systemic toxicity 
The vascularised nature of the mystacial pad suggests the possibility 
that lidocaine may enter the blood.stream and produce toxic effects which are 
responsible for the noncopulation of males paired with five different female 
types (presenting, presenting and hopping, hopping, hopping and darting). 
The initiation of copulation with hopping and darting females by 
males injected intramystacialy with lidocaine at a time when the effects of 
lidocaine are no longer present (Experiment 5) might be interpreted as the 
decline of systemic toxicity. The initiation of copulation by anaptic males 
with darting females (Experiment 5) would however seem to refute this 
conjecture. 
In order to examine the hypothesis that systemic toxicity was 
responsible for noncopulation of males in Experiment 5 lidocaine was 
injected into the masseter muscle (Experiment 6). Experiment 6 found that 
masseteric injection of lidocaine did not affect copulation by naive males. 
The substance of the arguments based on anatomical information presented 
in Experiment 6 were that innervation of the masseter muscle by four 
arterial systems provided a suitable control for possible mystacially induced 
systemic toxicity. In addition, information gathered by other researchers who 
have used masseteric injection as a control for intramystacial lidocaine was 
presented (Kenyon, Cronin and Malinek, 1981; Kenyan, Cronin and Keeble, 
1981; Kenyon, Cronin and Keeble, 1983). It was argued that the results of 
these researchers coupled with the findings of Experiment 6, showed that 
masseteric injection was a suitable control for systemic toxicity. 
All males injected intraperitoneally with lidocaine copulated with 
presenting females as d id the saline controls. However, the intraperitoneal 
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route of injection forces the anaesthetic to enter the portal system and thus 
pass through the liver, before reaching the systemic circulation. It could be 
argued that lidocaine is broken down by the hepatic system and that the 
amount of lidocaine entering the blood stream is reduced. Additionally, the 
admixture of adrenaline with lidocaine might well restrict lidocaine locally 
-J 
and reduce its rate of absorption. ·::.; · 
However, lidocaine has a rapid uptake (Astrom and Persson, 1961; 
Astrom, Persson and Ortengen 1964; de Jong and Bonin, 1980) and at a dose 
of 64mg/kg (this study used 32mg/kg) will cause convulsions (de Jong and 
Bonin, 1980). Also, the admixture of adrenaline may not in fact reduce the 
toxicity of local anaesthetics (Camougis and Takman 1971). It has been 
suggested that adrenaline may increase the toxicity of local anaesthetic 
solutions (Astrom, Persson and 6rtengen 1964). 
Intraperitoneal injection of lidocaine as a further control for systemic 
toxicity caused by intramystacial injection has been employed by Kenyon, 
Cronin and Keeble (1983). In their experiments on maternal retrieving 
Kenyon et al. injected a dose of 1% lidocaine with adrenaline 
intraperitonealy which was equivalent to a dose of 30_mg/kg, or just under 
double that injected intramystacialy (16 mg/kg). Kenyan et al. (1983) observed 
no differences in maternal retrieving between females injected 
intraperitonealy with lidocaine and their saline controls, or with females 
injected masseterically with lidocaine. 
In contrast to Kenyon et al. no sag in the belly muscles was observed in 
any lidocaine injected subjects in this experiment. One possible reason for 
this observation may be due to depth of intraperitoneal injection. It may well 
be that the depth of injection was greater than that used by Kenyan et al. 
(1983). The injection of lidocaine which caused the belly to sag and drag along 
the floor (Kenyon, personal communication) was probably caused by 
paralysis of the cutaneous maximus muscle (Greene, 1969). In conclusion it is 
argued that the findings of this experiment allied with those of Experiment 6 
(masseteric injection) would indicate that the use of intraperitoneal injection 
of lidocaine as a control for possible systemic toxicity is appropriate. 
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Chapter 8: Experiment 8 - Effect of prior copulatory experience (3 trials) on 
the copulatory behaviour of anaptic males 
8.1 Introduction 
-~­
~· 
Experiment 5 revealed that sexually naive males with perioral anapsis 
induced by intramystacial injection of lidocaine do not copulate with females 
displaying various levels of proceptive behaviour. In brief, anaptic males do 
not copulate with females displaying presenting, presenting and hopping 
and hopping behaviours both in the presence and absence of perioral 
anapsis. No males paired with hopping and darting females copulate in the 
presence of perioral anapsis although 50% do so when perioral anapsis is no 
longer present. Of those males paired with darting females 10 of 12 males 
copulated in the presence of perioral anapsis while the remaining two 
copulated. in the absence of perioral anapsis. 
It has been suggested that the various behaviours emitted by females 
are in some way able to overcome the doubly suboptimal state (sexual 
naivete, loss of vibrissa! information) of the male(s) allowing them to 
copulate. If this contention is correct then it would follow that previous 
sexual experience might well be able to attenuate the effect of loss of vibrissa! 
information. By allowing males to have copulatory experience prior to 
testing with intramystacial injection of lidocaine it sh~uld be possible to 
ascertain whether or not this would affect copulation by males paired with 
females displaying different levels of precopulatory behaviour. 
Madlafousek, et al. (1976) found that female precopulatory behaviour 
was a determining variable in the expression of copulation by sexually 
experienced males following castration. In their experiment Madlafousek et 
al. allowed males three ejaculatory series per weekly session over four weeks 
with darting females. They found that following castration the decline of 
copulatory behaviour (Hart, 1974) was slower for males paired with darting 
females than those paired with presenting females. Several weeks following 
castration males which did not initiate copulation with a presenting female 
would do so when paired with a darting female. Nine weeks following 
castration males would not copulate in the presence of a darting female. 
Hlinak, Madlafousek and Mohapelova (1979) replicated these findings 
in an investigation which examined male copulatory behaviour based on 
differing doses of testosterone following castration. Hlinak et al. (op cit) 
found that by adjusting doses of testosterone injection they were able to 
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induce a critical hormonal state whereby males paired with presenting 
females did not copulate but did so when paired with darting females. 
Hlinak and Madlafousek (1982) extended this by using silastic capsules as a 
method of delivery of testosterone following castration. Again copulatory 
training prior to castration was employed (Madlafousek, et al. 19?6). This 
work is of interest because it provides data which allows the e4.fnmation of 
the hypothesis that previous sexual experience may ill some way attenuate 
the effect of loss of vibrissa! information. 
Hlinak and Madlafousek have proposed that by using these 
techniques it is possible to examine whether the female's precopulatory 
behaviour is the decisive factor in whether or not a male in a "suboptimal" 
state is able to initiate copulation. Their argument is that ~he use of such a 
"preparation is effective for the analysis of sexual behaviour wh~re 
components seem to be redundant, mutually compensating, and therefore 
masking ~ne another" (Hlinak, Madlafousek and Mohapelova, 1979). This 
experiment examines the effect of lidocaine injection on the copulatory 
behaviour of sexually experienced male rats when paired with females 
displaying presenting levels of precopulatory behaviour. 
8.2 Experimental strategy 
If female type is to be used as a variable in the examination of prior 
copulatory experience on perioral anapsis then a female type suitable for 
copulatory training and experimental presentation needs to be determined. 
Experiment 4 showed that sexually naive males paired with lordotic females 
initiated and performed less than all other male-female pairing types. 
Experiment 5 showed that sexually naive anaptic males paired with all 
female types other than the highest level (darting) failed to initiate 
copulation. 
If lordotic females were used in training and experimental sessions it 
was possible that males would not display a consistent copulatory pattern 
during training. Use of a darting female during training trials would 
certainly not inhibit copulation by males but the introduction of a female 
displaying such strong precopulatory behaviour during the experimental 
trial would almost certainly overcome any effects of perioral injection of 
lidocaine. If lordotic and darting females were not to be used this left females 
displaying presenting, hopping and mixed behaviours. Experiment 4 found 
that no clear difference in the effect of intermediate female types on first 
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copulatory experience by males intramystacially injected with saline. 
It was decided that the use of presenting females would provide a 
suitable training and experimental stimulus. If removal of vibrissa! 
information affected copulation by males further experiments using 
different female types a different training procedure might be in9icated. 
Having decided on the type of female that would be use~ this 
experiment the amount of copulatory experience given to males.,.needed to 
be ascertained. Madlafousek, Hlinak and Beran (1976) allowed males three 
intromissions or an ejaculation, whichever came first. The same criteria was 
used for all experiments carried out by this group e.g. Hlinak, Madlafousek 
and Krejci (1983). This amount of prior experience appeared sufficient to 
analyse the effects of experimental manipulation at a later date .. 
However, this study had previously used a 90 minute testing interval 
so that observations could be made during the presence or absence of 
perioral a!l'lpsis. This testing period also provided data for an analysis of the 
copulatory parameters of saline injected controls. In order to provide 
continuity and data for further analysis it was decided to use a trial length of 
90 minutes for copulatory trials prior to testing under perioral anapsis. The 
use of a 90 minute trial would enable a comparison of copulatory parameters 
between sexually experienced males and sexually inexperienced males 
injected with saline (Experiment 4). Having decided to use a 90 minute test 
period for both pre-test and experimental trials the question then arose as to 
whether or not a single 90 minute copulatory trial prior to testing was a 
suitable choice. It has been shown that three intromittory mounts or an 
ejaculation can provide 'protection' against subsequent experimental 
manipulation of factors involved in male copulation (Madlafousek, et al. 
1976). 
Based on the above criteria a 90 minute copulatory trial prior to 
experimental testing would provide ample opportunity for several 
ejaculatory sequences (Experiment 4). At this stage it was possible to make a 
decision that one previous copulatory trial be given prior to injection with 
lidocaine. However, at this stage of the investigation the potency of perioral 
anapsis in altering expression of male copulatory behaviour was unknown. 
It was thought that if one previous trial was given it was possible that the 
results might well be difficult to decipher. If all males did (or did not) 
copulate, the result would be evident. However, differential disruption 
would mean that issues of experience and copulatory pace would be 
intermingled which could lead to difficulties in description and analysis. If 
males were given more than one copulatory trial, the copulatory pattern 
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would be firmly established and whether or not perioral anapsis had an 
effect, the results would allow further experimentation, if required. If males 
with multiple copulatory trials did not copulate in the presence of perioral 
anapsis, it was likely that interpretation of results would lead to a cessation 
of the experimental sequence. If males did copulate in the presence of 
perioral anapsis, then further work could be carried o~t to de~required 
copulatory experience. It was decided to allow males two prior copulatory 
experiences of 90 minutes prior to experimental testing . 
Having made a choice as to female type and session length, the next 
matter to be decided was the type of experimental design to employ. We 
have seen that previous researchers e.g. H1inak et al. (1983) have used a 
within subjects design, while this study has previously used a between 
subjects format in order to compare males injected with either sa_Iine or 
lidocaine. There was no experimental reason to not follow the experimental 
strategy of a between subjects design previously employed in this study. 
As the particular outcome of this experiment was unclear and that 
further experimentation (or not) might be necessary, it was thought that 
implementation of a within-subjects design would provide data suitable for 
analysis and comparison. The use of a repeated measures design would 
allow comparison of parameters in an identical population and allow a 
clearer comparison of ejaculatory parameters if copulation did occur. It was 
decided that this particular experiment should utilise a within subjects 
design so that continuity and data suitable for analysis could be generated. 
This particular experiment could lead to four possible outcomes. 
Firstly, induction of perioral anapsis might result in the non-copulation by 
males. Secondly, males with perioral anapsis might copulate with presenting 
females. Thirdly, if copulation did occur, some alteration of the copulatory 
pattern might be evident. Fourthly, copulation during the fourth trial might 
show no observable change in copulatory patterning in comparison with the 
third trial. 
In all these cases, data from previous experiments as well as data from 
this experimental trial would be of value. If males did not copulate in the 
presence of perioral anapsis then the data could be used to see if copulatory 
performance changed as a function of experience by comparison to 
Experiment 4. If copulation did occur and comparison of data showed that an 
alteration of copulatory parameters did occur the data gathered during 
previous experiments could also be evaluated. 
If males did copulate in the presence of perioral anapsis and if there 
were no alteration of copulatory parameters by comparison to the previous 
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trial the data gathered during previous experiments could be used to 
ascertain if any changes in copulatory patterns that might occur as a function 
of repeated experience had evidenced themselves. 
! 8.3 Abbreviations ~f 
~-
-.-, 
The following abbreviations will be used throughout. 
Experienced males paired with presenting females: 
-quring their third copulatory trial: = EP3 
Injected with lidocaine in the vibrissa! pads during their fourth copulatory 
trial: = LEP4 
8.4 Experimental methodology 
8.4.1 Subjects 
12 sexually experienced ovariectomised female Wistar rats (197- 252 g) 
aged 126 - 155 days. 
24 sexually experienced male Wistar rats (410- 465 g) aged 
250- 356 days. These males were used for pre-tests to determine female 
precopulatory state. 
12 sexually naive male Wistar rats (400- 449 g) aged 103- 123 days 
(mean 116 days) were used as experimental subjects. 
8.4.2 Housing, rearing etc. 
As described in Chapter 3. 
8.4.3 Experimental procedure 
As described in Chapter 3. 
Experimental subjects were given four copulatory sessions with 
presenting females. Each session was of 90 minutes duration. Copulatory 
behaviour was recorded during trials three and four. Males were tested at 
intervals of 7 days. 
8.4.4 Treatment 
Lidocaine, (N = 12): 0.2 ml of 1% lidothesin injected 
bilaterally into the mystacial pads. 
8.5 Results - descriptions of copulatory behaviour 
8.5.1 Experienced males (trial3) 
The range of ejaculatory frequency (EF) was from 0 to 8 with a median 
of 5.5. All males initiated copulation and ejaculated at least once. 
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8.5.2 Experienced males (trial 4) 
Eleven males initiated copulation and achieved ejaculation in the 
presence of perioral anapsis. One male did not initiate copulation either in 
the presence or absence of perioral anapsis. The range of EF was from 0 to 8 
with a median of 4. 
8.6 Results - Distribution of ejaculatory frequency 
8.6.1 Initiation and ejaculation 
' 
----:'"':~:.. 
~ 
All males initiated copulation on their third pairing with presenting 
females. One male failed to initiate copulation either in the presence or 
absence of perioral anapsis during the fourth pairing with presenting 
females. Experiment 4 found that all sexually naive males paired with 
presenting females initiated copulation. 
8.6.2 Minimum and maximum values of ejaculatory frequency 
Minimum values of EF for EP3 and LEP4 males were 0 and 1, while 
maximum values for both trials were 8. Experiment 4 found that males 
mystacially injected with saline and paired with presenting females had 
minimum and maximum values of ejaculatory frequency at 0 and 8. 
8.6.3 Distribution of ejaculatory frequency 
Graphical representations of EF are presented in Figure 8.1. 
8.6.4 Statistical comparison of ejaculatory frequency 
Comparison of ejaculatory frequency of males in trials three and four 
showed no difference in ejaculatory frequency (Wilcoxon, T = 26, P = 0.267). 
Median values of EF for these males were 5.5 (EP3) and 5.5 (LEP4) 
respectively. Experiment 4 found that saline injected males paired with 
presenting females on their first sexual encounter displayed a median of 5 
ejaculations. 
8.6.5 Discussion of ejaculatory frequency 
Experiment 4 found that the distribution of ejaculatory frequency for 
saline injected males paired with presenting females was negatively skewed 
(SD = 1.92). Experiment 4 also found that distribution of ejaculatory 
frequency was negatively skewed for males paired with lordotic, presenting, 
presenting and hopping and hopping females. Males paired with hopping 
and darting females displayed a positively skewed distribution. Only those 
males paired with darting females showed a normal distribution of 
ejaculatory frequency. 
It was also noted that Brown, Freeman and MacFarland (1974) found 
that repeated trials to exhaustion produced a normal distribution. The 
suggestion was made that as the presence of a normal distribution seems to 
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be the exception rather than the rule, the appearance of such a distribution 
might well be a reflection of female control of copulatory pace in sexually 
naive males. 
The results of this experiment indicate that repeated sexual experience 
leads to a change in copulatory pace as measured by ejaculatory frequency. 
Those males paired with presenting females show a differencq;.patterning 
of ejaculations in comparison with sexually naive males during 'their first 
copulation. The appearance of this patterning in both normal and lidocaine 
injected males supports the findings of Brown et. al. (1974) that repeated 
trials produce a normal distribution of ejaculatory frequency. 
Additionally, the presence of this patterning both in the presence and 
absence of perioral anapsis would indicate that copulatory parameters are not 
impaired in those males with previous sexual experience on administration 
of intramystacial lidocaine. 
~lysis of video recordings showed that the single non-copulating 
anaptic male behaved in a comparable manner to the non-copulating males 
in Experiment 5. Movement within the testing arena was unimpaired as was 
interest in the female during the experimental period. Simply, the male did 
not initiate copulation. 
8.7 Results- Mount and intromission latency 
8.7.1 Mount latency 
Mount latency (ML), is the latency in seconds from the start of the test 
to the first mount or intromission. 
A significant difference in the latency to begin copulation was found 
between those males that copulated during the first trial and in the presence 
of perioral anapsis on the second trial (Wilcoxon, T = 12, P = 0.031). Median 
values show that EP3 males took 52.93 seconds and LEP4 males 71.35 seconds 
to initiate the copulatory sequence. 
When ML as a function of ejaculatory frequency is considered a 
reduction in ML at every ejaculation was found for EP3 males from 
ejaculation one to eight. 
ML as a function of ejaculatory frequency for LEP4 males copulating in 
the presence of anapsis also appears to show a clear reduction as E increases. 
These observations confirm the results of Experiment 4 that ML is 
lower for males with a higher ejaculatory frequency. 
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8.7.2 Intromission latency 
Intromission latency (IL), is the latency in seconds from the start of a 
test until the first intromission. 
A significant difference in IL was found between EP3 and LEP4 males 
copulating in the presence of perioral anapsis (Wilcoxon, T = 5, I\= 0.006). 
Median values showed that EP3 males took 52.39 second~t:ld LEP4 
males 121.18 seconds to begin the intromissive pattern of an ejaculatory 
series. IL as a function of ejaculatory frequency showed a reduction in IL for 
EP3 males as ejaculatory frequency increased. IL as EF for LEP4 males showed 
a clear decrease as EF increased. 
It is apparent that IL shows a steady decrease as EF increases. This 
finding corresponds well with data from Experiment 4 which found that IL 
decreased as ejaculatory frequency increased for SP males which ~orresponds 
to results found by other researchers. 
8.7.3 Discussion of mount and intromission latency 
Observations confirm the results of Experiment 4 that mount and 
intromission latency is lower for males with a higher ejaculatory frequency. 
It would appear that initiation of the copulatory sequence is faster for 
experienced males copulating in either the presence or absence of perioral 
anapsis. When latency to initiate the first ejaculatory series is considered 
males injected with lidocaine take longer to initiate the copulatory sequence. 
Analysis of video recordings showed that the behaviour of anaptic males 
was comparable to that described previously in Experiment 5 for anaptic 
males copulating with darting females. 
8.8 Mount frequency 
Mount frequency (MF), is the number of mounts without 
intromission in each ejaculatory series. 
Significant differences in the number of mounts displayed by EP3 and 
LEP4 males was found at series three (Wilcoxon, T = 5, P = 0.019) and five 
(Wilcoxon, T = 0, P = 0.009) (Figure 8.2). 
As described in Experiment 4 mount frequency follows a U shaped 
function from initiation to exhaustion in sexually experienced male rats. 
Experiment 4 revealed that males pair with presenting females showed an 
increase in mount frequency from series one to two. All other female type 
pairings in Experiment 4 showed a decrease from series one to two with an 
increase thereafter followed by a decrease as ejaculations increased. Figure 8.2 
shows a striking similarity to the pattern of mounts displayed by sexually 
naive males paired with females displaying different levels of proceptive 
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behaviour (Experiment 4, Figure 8.7). 
8.8.1 Total number of mounts 
Experiment 4 showed that males paired with lordotic females 
displayed the highest number of mounts and males paired with darting 
females the lowest. It appears that sexually experienced males display a 
number of mounts comparable to that of sexually naive males _miired with 
~-
darting females. Overall, there was no difference in the number":Of mounts 
displayed by sexually experienced males at their third copulatory trial and 
their fourth trial when injected with lidocaine. 
8.8.2 Comparison of Individual data 
We have already seen in Experiment 4 that as EF increases so MF is 
reduced. A reduction in MF was found for those males injected with 
lidocaine that copulated in the presence of perioral anapsis. 
8.8.3 Discussion of mount frequency 
Experiment 4 found that males paired with lordotic females displayed 
the highest number of mounts and males paired with Daring females the 
lowest. This experiment has found that the number of mounts displayed by 
EP3 and LEP4 males is not different and that both show an MF comparable to 
that displayed by males paired with darting females in Experiment 4. 
Experiment 4 found that a drop in MF is observed from series 1 with a rise 
thereafter over ejaculatory series. This experiment has observed a similar 
trend. When MF as a function of EF is considered those males with a higher 
EF show a lower MF which compliments the findings . of Experiment 4. 
Non-anaptic and anaptic males during their third and fourth 
experimental trials display similar parameters to those males copulating for 
the first time. There is no difference in MF between non-anaptic males 
during their third sexual trial and the same males injected with lidocaine to 
induce perioral anapsis during their fourth copulatory trial. 
8.9 Intromission frequency 
Intromission frequency (IF), is the number of intromissions in an 
ejaculatory series. 
Males at EP3 displayed significantly more intromissions during the 
first series than at LEP4 (Wilcoxon, T = 1.5, P = 0.003). No significant 
differences were found at any other series. 
Experiment 4 showed that intromission frequency decreases from the 
first series to the second and thereafter remains relatively stable although the 
curve can be described as rough reversed J. 
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Figure 8.3 shows the median values of intromissions for EP3 and LEP4 
males. This figure shows that for males in both conditions a drop from series 
one to three for males copulating for the third time and a rise and drop 
thereafter. For males copulating in the presence of perioral anapsis a drop 
from series one to two is observed with stability to series three a~d a rise and 
drop thereafter. We have already seen in Experiment 4 that in5~~sion 
frequency shows a decrease from the first series to the second ar{d. thereafter 
remains relatively stable although the curve can be described as rough 
reversed J. In this case this pattern is not observed although the data shows 
similarity between both conditions. Apart from series one there would 
appear to be no difference in IF between males copulating in either the 
absence or presence of perioral anapsis. 
8.9.1 Total number of intromissions 
No differences in the minimum number of intromissions (EP3 = 2, 
LEP4 = 3) expressed during a series was found. The largest number of 
intromissfons recorded for EP3 and LEP4 males was 18 and 13 respectively. 
Experiment 4 found that no differences in total IF were observable as an 
effect of female type and that over pairings with 6 different female types 
minimum and maximum values of IF ranged from 1 to 3 and 7 to 33. 
No differences in total IF can be seen between males copulating in the 
absence or presence of perioral anapsis. 
8.9.2 Intromissions per ejaculation 
Intromission frequency for EP3 and LEP4 trials did not vary as a 
function of ejaculatory frequency. Experiment 4 showed that intromission 
frequency does not vary as a function of ejaculatory frequency both in that 
Experiment and when compared to 3 other studies. 
This data supports previous findings that intromission frequency does 
not vary as a function of ejaculatory performance. Males copulating in the 
absence or presence of perioral anapsis display similar parameters to sexually 
naive males copulating with different female types. 
8.9.3 Discussion of intromission frequency 
The sharp drop in intromissions after the first series for males in EP3 
and LEP4 conditions is the same as that found for males injected with saline 
and paired with different female types in Experiment 4. The total amount of 
intromissions for EP3 and LEP4 males does not differ. Intromission 
frequency does not vary as a function of ejaculatory frequency for EP3 and 
LEP4 males. 
Data gathered for males in EP3 and LEP4 conditions shows that 
intromission frequency over series as well as total amount and expressed as 
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function of ejaculatory frequency do not differ. These data are the same as 
that found for sexually naive males copulating with females displaying 
different levels of proceptive behaviour. 
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funr.tion of ejaculatory frequency do not differ. These data are the same as 
that found for sexually naive males copulating with females displaying 
different levels of proceptive behaviour. 
8.10 Results - Ejaculation latency from first intromission 
Ejaculation latency (EL), is the latency from the first introinission of a 
series to its terminal ejaculation expr~ssed in seconds. 
Males on their third copulatory trial took longer to ejaculate during 
the first series than under the presence of perioral anapsis during their 
fourth copulatory trial (Wilcoxon, T = 6, P = 0.008). No significant difference 
was found at any other series. 
8.10.1 Graphical Analysis 
Figure 8.5 contains median values of ejaculation latency for males at 
their thir~ and fourth copulatory trials. At both trials the data shows a 
decrease between the first and third series with a rise to the fifth series. 
These observations confirm the findings of Experiment 4 that ejaculation 
latency is proposed to display a U shaped curve with a high on the first 
ejaculatory series low on the second and to increase as exhaustion 
approaches. 
8.10.2 Ejaculation latency as a function of ejaculatory frequency 
Experiment 4 has confirmed that ejaculation latency is shorter for 
males with higher values of ejaculatory frequency. In both conditions males 
showed a decrease in ejaculation latency. 
8.10.3 Discussion of ejaculation latency 
Normal males took longer to ejaculate than males copulating in the 
presence of perioral anapsis. Experiment 4 found that ejaculation latency for 
sexually naive males paired with presenting females was 349 seconds. The 
parameters for ejaculatory patterning and pace as measured by latency and 
ejaculatory frequency follow those described in Experiment 4 and by other 
researchers. These results show that once copulation has been initiated 
males copulatory pace as measured by ejaculation latency is not affected by 
induction of perioral anapsis at trial four. 
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8.11 Mean interintromission interval 
Mean Interintromission interval (Mill), is the mean interval 
separating the intromissions of a series. 
No significant differences in Mill was found at any series]?etween 
-~ males copulating with presenting £~males at either their third ~1 or at their 
fourth trial in the presence or absence of perioral ana psis. 
8.11.1 Graphical Analysis 
Figure 8.6 shows a graphical representation of Mill for males at EP3 
and LEP4. 
Normal males show an increase in MIII as ejaculatory series increase 
to the sixth ejaculation when there is a drop to the seventh and a rise to the 
eighth ejaculation. When males were injected with lidocaine at their fourth 
trial however there is a drop in Mill from the first to the third ejaculatory 
series. Tl~s is then followed by a rise to the sixth with a drop to the seventh 
and a rise to the eighth ejaculation. Brown et al (1974) found that MIII 
showed a significant decline between the first and second ejaculatory series 
and remained stable thereafter. 
8.11.2 Discussion of mean interintromission interval 
Experiment 4 found that when Mill is considered as a function of 
ejaculatory frequency no discernible alterations occur as ejaculation 
frequency rises. When is transformed into intromissions per minute there is 
relative stability in intromittory rate across ejaculatory series. This 
observation corresponds with that of Experiment 4 which compared Mill 
from that experiment with data from 3 other studies and found that Mill was 
relatively stable across ejaculatory series. 
Figure 8.6 shows that males in trial three do not show the expected 
decrease in MIII from series one to two but when the males are anaptic at 
trial four they do. Experiment 4 examined Mill as a function of female type 
and noted that the decrease in MIII between the first and second series as 
observed by Brown et al (1974) did not occur over all conditions. Males 
paired with lordotic, hopping, hopping and darting females did show a drop 
between series one and two. males paired with presenting, presenting and 
hopping and darting females showed an increase in Mill. It would appear 
that in this particular experiment that a stable pattern in subjects between 
trials is not found. The observed results do however suggest that anaptic 
males have an intromittory pattern comparable to other studies. These 
observations of Mill are show that once males have begun copulation in the 
absence or presence of perioral anapsis their intromittory pace is the same. 
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8.12 Post-ejaculatory interval 
Post-ejaculatory interval (PEI) is the time from ejaculation to the next 
intromission which begins a copulatory series expressed in seconds. 
No significant differences in PEI were found between males 
-. 
copulating in their third trial and when injected with lidocaine ·:~ their 
fourth. The clear linear increase in PEI as exhaustion approaches'which was 
found in Experiment 4 is also observed for EP3 and LEP4 males copulating 
both in the presence and absence of perioral anapsis. Figure 8.7 shows a 
graphical representation of this trend. 
8.12.1 Comparison of individual data 
PEI has been found to be shorter in males achieving high numbers of 
ejaculations than in males achieving only a few ejaculations (Experiment 4). 
When PEI is considered as a function of ejaculatory frequency for each 
condition _it was found that males with higher ejaculation frequencies 
showed lower post-ejaculatory intervals. These results show that perioral 
anapsis does not affect post-ejaculatory intervals of experienced males 
copulating in the presence of perioral anapsis. 
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8.13 Discussion 
Anaptic males with prior sexual experience do copulate with 
presenting females in the presence of perioral anapsis. One male did not 
copulate in the presence or absence of perioral anapsis during t~e fourth 
• 
copulatory trial. -~ 
Experiment 5 discussed motor and postural differences as well as 
describing behavioural observations and orientation to the female. 
Observation of video tapes of this experiment confirmed these findings in 
that males did press their snouts hard against surfaces and against the 
females flanks, in Experiment 5 males were able to move around the 
experimental arena with no apparent difficulty. Observation of the 
noncopulating (and copulating) male(s) showed that they eviden~ed interest 
in the stimulus female as well as exhibiting anogenital sniffing and other 
pre-copulatory behaviours. The noncopulating male simply did not initiate 
the copulatory sequence although it did show interest in the female during 
the duration of the experimental trial. 
Those males which copulated in the presence and absence of perioral 
anapsis do not differ in their copulatory parameters in comparison to a 
previous trial except that of initiation of the first copulatory series. Males 
took longer to initiate the first ejaculatory sequence when intramystacially 
injected with lidocaine than during the previous trial when no experimental 
manipulation was applied. 
Whether or not lidocaine induced loss of trigeminally mediated 
sensory information is responsible for the observed latency in the first 
initiatory sequence is an interesting question. The observed result is perhaps 
unsurprising as one might well expect that the male is somehow 'impaired' 
and as sensory input is reduced the time taken to initially orient to the 
female is extended. However, once the first mount or intromission is 
completed the male is able to compensate for any deficit and continue the 
normal ejaculatory sequence. This interpretation is however based on the 
assumption that the initial initiatory latency is constant over repeated trials. 
It is possible that mount latency and intromission latency do vary 
over repeated trials. Exper~.ent 4 found that it was not possible to offer a 
coherent picture of mount latency and intromission latency based on female 
type. The only clear evidence from Experiment 4 in· this respect was that 
males paired with females displaying the lowest and highest forms of 
precopulatory behaviour showed the longest and shortest initiatory patterns 
respectively. Males with three prior sexual trials initiated with a shorter 
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latency than that observed for naive males paired with females displaying 
darting behaviour. Those males copulating in the presence of perioral 
anapsis also initiated with a latency shorter than found for naive males 
paired with darting females. This observation would indicate that initiatory 
latency is affected by prior experience. Anecdotal observation of_itud males 
used in trus sequence of experiments showed that as males becm:ne more 
sexually experienced their initiation times became very short indeed. These 
males would initiate within 10 seconds of being placed with a female 
stimulus. However, it should be noted that these males were time-limited in 
their possibility of copulatory experience as they were removed once an 
intromission or ejaculation had occurred. It is perhaps unsurprising that 
they therefore initiated as soon as possible. 
Change in the initial mount latency is generally accepted as indicative 
of the result of an experimental manipulation (e.g. Beach and Holz-Tucker, 
1949). Mount latency does vary as a function of sexual exhaustion with 
shorter latencies observed as a greater rest period is given (e.g. Beach and 
Jordan 1956). Mount latency becomes shorter as copulatory experience 
increases (e.g. Dewsbury, 1969). This experimental sequence is however 
unable to ascertain whether or not repeated copulatory trials in the presence 
of lidocaine induced perioral anapsis would show any alteration in mount 
latency. With the luxury of hindsight it would be of interest to see whether 
or not repeated copulatory trials in the presence of perioral anapsis produced 
a stable mount latency or indeed a decrease or a fluctuating value. 
In experiments directed towards an examination of the effects of 
female type on copulatory performance in males with low levels of 
testosterone it has been shown that prior sexual experience is able to 
overcome this deficit. It would appear that this experiment also supports the 
contention that previous sexual experience is able to overcome the effects of 
experimental reduction of mechanisms involved in expression of male 
sexual behaviour. 
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Chapter 9: Experiment 9 - Effect of prior copulatory experience (1 trial) of 
copulatory behaviour of anaptic males 
9.1 Introduction 
' 
Thus far the experimental sequence has shown that males without 
prior sexual experience do not copulate with presenting females in the 
presence of perioral anapsis. However, males with three prior copulatory 
trials do copulate with presenting females in the presence of perioral anapsis 
on a fourth copulatory trial. These findings have assisted in the 
development of an hypothesis which suggests that, while loss of 
trigeminally mediated information has a profound effect on copulation in 
sexually naive males prior sexual experience is able to attenuate this effect. 
This experiment seeks to investigate this hypothesis further by allowing 
males one copulatory trial with presenting females prior to intramystacial 
injection with lidocaine on their second trial with presenting females . 
Males which complete at least three ejaculatory sequences during the 
first trial copulate in the presence of perioral anapsis during the second trial. 
Males which did not initiate copulation during the first trial do not copulate 
in the presence or absence of perioral anapsis during the second trial. Males 
which initiated copulation and achieved a number of mounts or 
intromissions or one ejaculation during the first trial copulate in the absence 
of perioral anapsis during the second trial. No difference in all measures of 
male copulatory behaviour is observed between males achieving at least 
three ejaculations during the first trial and copulating in the presence of 
perioral anapsis during the second trial. 
9.2 Abbreviations 
The following abbreviations will be used throughout. 
Males paired with presenting females: 
During their first copulatory trial: =EPl 
Injected with lidocaine in the vibrissal pads during their second copulatory 
trW: =li~ 
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9.3 Experimental methodology 
9.3.1 Subjects 
12 sexually experienced ovariectomised female Wistar rats (194- 262 g) 
aged 129 days. 
24 sexually experienced male Wistar rats (410- 469 g) aged1.51 days. 
---;:7 
These males were used for pre-tests to determine female precopulatory state. 
12 sexually naive male Wistar rats (400- 454 g) aged 100- 105 days 
(mean 103 days) were used as experimental subjects. 
9.3.2 Housing, rearing etc. 
As described in Chapter 3. 
9.3.3 Experimental procedure 
Experimental subjects were given two copulatory sessions with 
presenting females. Each session was of either 90 or 180 minutes _ 
duration. Copulatory behaviour was recorded during both trials. Males 
were tested at intervals of 7 days. 
The order and start time of this experiment was the same as that 
employed in all Experiments reported in this study (Chapter 3). 
9.3.4 Treatment 
Lidocaine, (n = 12): 0.2 ml of 1% lidothesin injected 
bilaterally into the mystacial pads. 
9.4 Results - descriptions of copulatory behaviour 
9.4.1 Naive males 
Nine males initiated copulation. Three males did not initiate 
copulation. Of the nine males that initiated copulation three did not 
ejaculate. 
9.4.2 Lidocaine experienced 
9.4.3 Anaptic males initiating copulation 
Five males initiated copulation and achieved ejaculation in the 
presence of perioral anapsis. 
9.4.4 Non-anaptic males initiating copulation 
Three males that initiated copulation in the absence of perioral 
anapsis ejaculated once, twice and four times. 
9.5 Results- Distribution of ejaculatory frequency 
9.5.1 Initiation and ejaculation 
When sexually naive males were first paired with presenting females 
nine males initiated copulation although only six ejaculated at least once. 
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Three males did not initiate copulation. Experiment 4 found that all sexually 
naive males initiated copulation with presenting female. Following the 
initial trial these males were paired with presenting females. At this stage 
five males initiated copulation in the presence of perioral anapsis while 
three initiated in the absence of perioral anapsis. Four males diq not initiate 
1 
copulation either in the presence or absence of perioral anapsi~Experiment 
8 found that one male did not initiate copulation in the presence or absence 
of perioral anapsis during the fourth copulatory trial. 
Table 9.3 shows the patterning of copulation for individual subjects in 
both trials. Let us consider the performance of subjects #6, #11 and #12. 
These three males did not initiate copulation either during the first session 
or in the presence and absence of perioral anapsis during the second 
copulatory trial. Subjects #2, #4, #5, #7 and #8 did initiate and ejaculate 
during the first session as well as in the presence of perioral anapsis during 
the second session. 
Table 9.3 Subject initiation and ejaculation during experimental trials 
Triall Trial2 
Subjects Copulation Ejaculations Copulation Ejaculations 
Mounts (M) 
Intromissions (I) 
#2 Yes 6 Yes - Anaptic 6 
#4 Yes 6 Yes - Anaptic 4 
#5 Yes 4 Yes- Anaptic 7 
#7 Yes 3 Yes - Anaptic 5 
#8 Yes 3 Yes - Anaptic 4 
#1 Yes 1 Yes - Non-Anaptic 2 
#9 Initiation Only 58M18 I Yes - Non-Anaptic 1 
#10 Initiation Only 3M Yes - Non-Anaptic 4 
#3 Initiation Only 2M No 
#6 No No 
#11 No No 
#12 No No 
At this stage it appears that if a male has both initiated and ejaculated 
during the first encounter with a presenting female he is somehow 
'protected' against the effects of loss of vibrissal information in his second 
sexual encounter and is able to copulate at a level of performance not less 
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than his first trial. However, if the male does not initiate copulation during 
the first sexual encounter he is not 'protected' against the effects of injection 
of lidocaine. The above interpretation does not however take into account 
the performance of subjects #1, #9 and #10 which initiated copulation 
during the first trial but only did so in the absence of perioral a~psis during 
the second trial. ~ 
Subject #1 achieved one ejaculation during the first trial and two on 
the second. This indicates that a single ejacl!lation is enough to protect the 
male from the effects of loss of vibrissa! information. However, subject #1 
did not initiate copulation in trial 2 during the presence of mystacial anapsis. 
Subject #9 did not ejaculate during the first experimental session although 
58 mounts and 18 intromissions were recorded. On the second trial subject 
#9 did not initiate in the presence of perioral anapsis. Subject #10-did not 
ejaculate during the first session although three mounts were recorded. On 
the second session this subject did not initiate copulation in the presence of 
perioral anapsis but did so when the effects of lidocaine had worn off. 
Finally, let us consider subject #3, this male initiated during the first session 
and mounted twice. During the second sessions this male did not initiate 
copulation either in the presence or absence of perioral anapsis. 
These results indicate that experience of three ejaculations during the 
first sexual encounter (subjects #7, #8) is able to provide protection against 
the effects of perioral anapsis during the second sexual encounter seven days 
later. However, one previous ejaculation (subject #1), three mounts (subject 
#10) or 58 mounts and 18 intromissions is not able to protect against the 
effects of perioral anapsis during the second sexual encounter. This prior 
experience is however able to protect the subjects from long term debilitation 
when the effects of perioral anapsis are no longer present. Two mounts 
(subject #3) during the first trial are unable to prevent the lack of expression 
of sexual behaviour in either the presence or absence of perioral anapsis 
during the second trial. 
It appears that a number of ejaculations greater than one and less than 
or equal to three during the first sexual encounter of a male paired with a 
presenting female is able to attenuate the effects of loss of vibrissa! 
information on sexual behaviour of male rat. 
9.5.2 Minimum and maximum values of ejaculatory frequency 
Minimum values of EF for LEP2 and EP1 males were the same at 0, 
while maximum values stood at 6 and 7 respectively. Experiment 4 found 
that males intramystacially injected with saline and paired with presenting 
females had minimum and maximum values of ejaculatory frequency a t 0 
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and 8. 
9.5.3 Distribution of ejaculatory frequency 
For EPl and LEP2 males distrubutions were negatively skewed. 
9.5.4 Statistical comparison of ejaculatory frequency 
Comparison of ejaculatory frequency of those five males that 
ejaculated during trial one as well as in the presence of periora_!jtnapsis 
during trial two showed no difference in ejaculatory frequency GNilcoxon, T 
= 2, P>0.6). Median values of EF for these five males were 4 (EPl) and 5 
(LEP2) respectively. 
9.5.5 Discussion of ejaculatory frequency 
The negative distribution of EF for both EPl and LEP2 males paired 
with presenting females as well as mean and median ejaculations compares 
reasonably well with data from Experiment 4 for males paired with 
presenting females. Experiment 4 found that the distribution of ejaculatory 
frequency for these males was negatively skewed. 
It has been noted above that those males achieving at least three 
ejaculations during the first experimental session also copulated in the 
presence of perioral anapsis during the second trial. From the statistical 
results presented above it would appear that males achieving at least three 
ejaculations are not affected in their ability to initiate and maintain the 
copulatory sequence while lacking sensory information from the mystacial 
vibrissae. 
Experiment 4 found that saline injected males paired with presenting 
females on their first sexual encounter displayed a median of 5 ejaculations. 
Comparison of males in Experiment 4 and males in this experiment during 
their first copulatory trial found no difference in ejaculatory frequency 
(Mann-Whitney, U = 24.5, P > 0.5), similarly no difference between males 
copulating in the presence of perioral anapsis and males from Experiment 4 
was found (Mann-Whitney, U = 30, P = 1). These results would indicate that 
the saline injected males of Experiment 4 and those non-treated males in 
this experiment have similar copulatory parameters. 
Experiment 4 found that distribution of ejaculatory frequency was 
negatively skewed for males paired with lordotic, presenting, presenting and 
hopping and hopping females. Males paired with hopping and darting 
females displayed a positively skewed distribution. Only those males paired 
with darting females showed a normal distribution of ejaculatory frequency. 
Experiment 8 found that ejaculatory frequency was normally distributed in 
males with three and four copulatory trials supporting the work of Brown, 
Freeman and MacFarland (1974) who found that repeated trials to 
229 
exhaustion produced a normal distribution. This experiment has found a 
negatively skewed distribution in males copulating for the first and second 
time which would indicate that the saline injected males of Experiment 4 
and those normal and anaptic males in this experiment have similar 
copulatory parameters. Additionally, these results show us that previous 
copulatory experience protects males against the effects of peri~ anapsis 
and does not affect their ability to achieve similar copulatory parameters to 
their saline injected counterparts. Analysis of video recordings showed that 
the noncopulating normal and anaptic males behaved in a comparable 
manner to that described for noncopulating males in Experiments 5 and 8. 
9.6 Results - Mount and intromission latency 
9.6.1 Mount latency 
Mo_unt latency (ML), is the latency in seconds from the start of the test 
to the first mount or intromission. 
No difference in the latency to begin copulation was found between 
those males that copulated during the first trial and in the presence of 
perioral anapsis on the second trial (Wilcoxon, T = 6, P>0.05). 
For those three males that initiated in trial one and copulated in the 
absence of perioral anapsis it is not possible to conduct any statistical analysis 
however when mount latency (adjusted by 45 minutes) is considered it 
would appear that a reduction in ML has occurred between trial one (1875.42) 
and trial two (359.86). 
When ML as a function of ejaculatory frequency is considered a 
reduction in ML at every ejaculation was seen for EP1 males from 
ejaculation three to six. ML as a function of ejaculatory frequency for LEP2 
males copulating in the presence of anapsis appeared to show a clear 
reduction as EF increased. 
9.6.2 Intromission latency 
Intromission latency (IL), is the latency in seconds from the start of a 
test until the first intromission. 
No difference in IL was found between EP1 and LEP2 males copulating in 
the presence of perioral anapsis (Wilcoxon, T = 6, P >0.05). 
When the IL of those males initiating copulation in the absence of 
perioral anapsis is considered we can only look at subjects #1 and #9 as 
subject #10 did not intromit during the first trial. However an IL of 2531.62 
(#1) and 556.72 (#9) was recorded during the first trial. The second trial 
copulating in the absence of perioral anapsis shows us that IL's of 359.86 (#1), 
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1172.52 (#9) and 366.68 (#10). 
IL as a function of ejaculatory frequency shows a reduction in IL for 
EP1 males as ejaculatory frequency increases. An EF of three gave rise to an 
IL of 861.64 seconds while an EF of six gave an IL of 463.46 seconds. 
IL as EF for LEP2 males showed a clear decrease as EF increases. Four 
~ 
ejaculations had an IL of 1834.06 seconds while a male with s~ 
ejaculations had an IL of 63.03 seconds. 
Consideration of IL as EF for males copulating in the absence of 
perioral anapsis shows us that (time adjusted) values of 1268.14 (1 
ejaculation), 1172.52 (2 ejaculations) and 366.86 (4 ejaculations) were 
recorded. It is apparent that IL shows a steady decrease as EF increases. This 
finding corresponds well with data from Experiment 4 which found that IL 
decreased as ejaculatory frequency increased for males paired with presenting 
females. 
9.6.3 I?iscussion of mount and intromission frequency 
These observations confirm the results of Experiments 4 that 
ML is lower for males with a higher ejaculatory frequency. 
Experiment 4 found that males paired with presenting and darting 
females displayed mount latencies of 202 seconds and 166 seconds 
respectively. This experiment has observed mount latencies of 308 seconds 
and 639 seconds for males copulating during their first and second session 
with presenting female. Experiment 4 found that males paired with 
presenting and darting females displayed intromission latencies of 201 
seconds and 181 seconds respectively. This experiment has observed 
intromission la tencies of 664 seconds and 639 seconds for males copulating 
during their first and second session with presenting female. It would appear 
that in this particular case the comparison of initiatory data from this 
experiment with that of Experiment 4 is of little use. 
Experiment 4 found that males injected with saline in the vibrissa! 
pads show a decrease in intromission latency as ejaculatory frequency 
increases which corresponds to results found by other researchers. 
This experiment has also found that mount and intromission latency is 
shorter for males displaying higher numbers of ejaculations. The findings of 
this experiment confirm the results of Experiment 4 that mount and 
intromission latency is lower for males with a higher ejaculatory frequency. 
It has been shown that there is no difference in mount and 
intromission latency between subjects in this study initiating and 
maintaining copulation during their first copulatory trial and on their 
second pairing when initiating and maintaining copulation in either the 
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presence or absence of perioral anapsis. 
Analysis of video recordings showed that the behaviour of 
noncopulating and copulating anaptic males was comparable to that 
described previously in Experiments 5 and 8. 
9.7 Results- Mount frequency -~ 
~-
Mount frequency (MF), is the number of mounts without 
intromission in each ejaculatory series. 
No difference in the number of mounts displayed by sexually naive 
males copulating during their first copulatory trial and in the presence of 
perioral anapsis was found over the first three ejaculatory series. (Wilcoxon: 
Series 1, T = 1, P = 0.10; Series 2, T = 3, P > 0.10; Series 3, T = 15, P > 0.10) 
As has been described in Experiment 4 mount frequency is reported as 
following a U shaped function from initiation to exhaustion in sexually 
experienced male rats. The highest number of mounts are shown in the first 
series which is reduced on the second and then increases as exhaustion 
approaches. 
Figure 9.1 shows a graphical representation of median values for 
males paired with presenting females. Males copulating with presenting 
females for the first time show a reduction in MF from series one to two 
although no U shaped function is observed thereafter. For males copulating 
in the presence of anapsis the picture of MF is rather different. No reduction 
in MF is seen over series one to three although a rise in MF is observed from 
series three to seven. Males copulating in the absence of perioral anapsis 
show a reduction in MF from series one to four. 
Experiment 4 found that males pair with presenting females showed 
an increase in mount frequency from series one to two. All other female type 
pairings in Experiment 4 showed a decrease from series one to two. 
9.7.1 Total number of mounts 
No difference in the minimum number of mounts (0) during a series 
was found. The largest number of mounts recorded for EP1 and LEP2 males 
was 27 and 22 respectively with median values of 8 and 4 for EP1 and LEP2 
respectively. In Experiment 4 males paired with presenting females displayed 
a median value of 7 mounts. 
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9.7.2 Comparison of individual data 
We have already seen in Experiment 4 that as ejaculatory frequency 
increases so mount frequency is reduced. At series 3, 4 and 6 a reduction in 
mount frequency as based on ejaculatory frequency was observed with 
median values of 12, 11 and 5 . Subject #1 which ejaculated only_once on the 
. t first trial had a mount frequency of 28. ---=-} 
No clear reduction in MF as EF increases was evident due 'to the small 
N's. However an MF of 4, 5, 3 and 6 was found at ejaculations 4, 5, 6 and 7. 
Those males copulating in the absence of perioral anapsis showed a mount 
frequency of 19 at ejaculation 1, 11 at 2 ejaculations and 7 at 4 ejaculations 
which does ~how a reduction in mount frequency as ejaculatory frequency 
increases. 
9.7.3 Discussion of mount frequency 
Experiment 4 found that males paired with presenting females 
displayed a median value of 7 mounts and this experiment has found 
median values for males copulating on their first trial with presenting 
female and on their second under perioral anapsis of 8 and 4 respectively. 
The number of mounts for males copulating for the first time matches that 
found form naive males paired with hopping females in Experiment 4. The 
overall value of 4 for males copulating in the presence of lidocaine on their 
second trial is the same as that found for naive males paired with darting 
females in Experiment 4. Experiment 4 concluded that it was only possible to 
describe a difference in mount frequency based on the two extremes of 
female type rather than a progression based on differential female 
behaviour. Experiment 8 found that experienced males displayed values 
comparable to that of males paired with darting females in Experiment 4. 
perhaps the most meaningful analysis of overall mount frequency for this 
particular experiment is that no differences were found between sexually 
naive males copulating with presenting females for the first time and the 
second sexual trial in the presence and absence of perioral anapsis. 
Experiment 4 found that a drop in MF is observed from series one 
with a rise thereafter over ejaculatory series. This experiment has observed a 
similar trend. When MF as a function of EF is considered those males with a 
higher EF show a lower MF which compliments the findings of Experiment 
4. 
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9.8 Results- Intromission frequency 
Intromission frequency (IF), is the number of intromissions in an 
ejaculatory series. 
-! 
No difference in the number of intromissions displayed~ -sexually 
' 
naive males copulating during their first copulatory trial and in the presence 
of perioral anapsis was found over the first three ejaculatory series. 
(Wilcoxon: Series 1, T = 2, P > 0.10; Series 2, T= 13, P > 0.10; Series 3, T = 2, P > 
0.10). 
We have already seen in Experiment 4 that intromission frequency 
shows a decrease from the first series to the second and thereafter remains 
relatively stable although the curve can be described as rough reversed J. 
Figure 9.2 shows the median values of intromissions for EP1 and LEP2 
males. This figure shows that for males copulating during trial one a rough 
reversed J is evident. For males copulating during trial two in the presence 
of perioral anapsis the patterning to ejaculatory series five is the same as that 
of trial one although the drop at series six and seven prevents the expression 
of a reversed J. For those subjects copulating in the absence of perioral 
anapsis a steady reduction in the number of expressed intromissions is 
observed. 
9.8.1 Total number of intromissions 
The smallest number of intromissions recorded for EP1 and LEP2 
males is 4 and 3 largest number of intromissions recorded for EP1 and LEP2 
males is 21 and 14. Median values for EP1 and LEP2 males were 8 and 5 
In Experiment 4 males paired with presenting females displayed a 
median value of 7. 
9.8.2 Intromissions per ejaculation 
Experiment 4 showed that intromission frequency does not vary as a 
function of ejaculatory frequency. IF for naive males did not vary as EF 
increased. For EP2 males copulating in the presence of perioral anapsis no 
change in IF as a function of EF was evident. When values of IF as EF for 
those males copulating in the absence of 
perioral anapsis are considered 15 (1 ejaculation) 6.5 (2 ejaculations) and 5.5 
(4 ejaculations) are found. The value of 15 for subject #9 is unsurprising as 
the first series always has more than the others. Values of 6.5 and 5.5 would 
indicate that no change in IF as a function of EF is seen for those males 
copulating in the absence of perioral anapsis. 
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This data supports previous findings that intromission frequency does 
not vary as a function of ejaculatory performance. Males copulating in the 
absence or presence of perioral anapsis display similar parameters to sexually 
naive males copulating with different female types. 
9.8.3 Discussion of intromission frequency 
The sharp drop in intromissions after the first series for rftales in EPl 
~ 
and LEP2 conditions is the same as that found for males injected with saline 
and paired with different female types in Experiment 4. The total amount of 
intromissions for EP1 and LEP2 males does not differ. Intromission 
frequency does not vary as a function of ejaculatory frequency for EP1 and 
LEP2 males. 
Data gathered for males in EP1 and LEP2 conditions shows that 
intromission frequency over series as well as total amount and expressed as a 
function of ejaculatory frequency do not differ. These data are the same as 
that found for sexually naive males copulating with females displaying 
different levels of proceptive behaviour. 
9.9 Results- Ejaculation latency from first intromission 
Ejaculation latency (EL), is the latency from the first intromission of a 
series to its terminal ejaculation expressed in seconds. 
No difference in the ejaculation latency displayed of sexually naive 
males copulating during their first copulatory trial and in the presence of 
perioral anapsis was found over the first three ejaculatory series. (Wilcoxon: 
Series 1, T = 15, P = > 0.10; Series 2, T = 2, P > 0.10; Series 3, T = 15 P > 0.10). 
9.9.1 Graphical analysis 
EL is proposed to display a U shaped curve with a high on the first 
ejaculatory series low on the second and to increase as exhaustion 
approaches (Experiment 4). 
Figure 9.3 contains median values of ejaculation latency for both EP1 
and EP2 males. The data for EP1 males shows the requisite decrease between 
the first and second series with a rise to the fifth series. Anaptic males also 
display a drop to the third series with a rise to the sixth ejaculatory series. 
Those males copulating in the absence of perioral anapsis show a 
reduction in EL after the first series although no upswing was detected._ 
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9.9.2 Comparison of individual data 
Experiment 4 has confirmed that EL is shorter for males with higher values 
of ejaculatory frequency. EP1 males showed a decrease in EL as did EP2 males. 
In both conditions the highest ejaculators very clearly displayed the shortest 
ejaculation latencies. Consideration of EL as a function of EF for males 
copulating in the absence of perioral anapsis also showed the sa!Pe pattern. 
9.9.3 Discussion of ejaculation latency from first intromission 
The parameters for ejaculatory patterning and pace as measured by 
latency and ejaculatory frequency follow those described in Experiment 4 and 
by other researchers. 
These results show that once copulation has been initiated males 
copulatory pace as measured by ejaculation latency is not affected by 
induction of perioral anapsis at trial two. 
9.10 Results - Mean interintromission interval 
Mean interintromission interval (Mill), is the mean interval 
separating the intromissions of a series. 
No difference in the mean interintromission interval displayed by 
sexually naive males copulating during their first copulatory trial and in the 
presence of perioral anapsis was found over the first three ejaculatory series. 
(Wilcoxon: Series 1, T = 15, P = > 0.10; Series 2, T = 2, P > 0.10; Series 3, T = 3, P 
> 0.10). 
9.10.1 Graphical analysis 
Figure 9.4 shows a graphical representation of Mill for EPl and EP2 
males. As we have seen in Experiment 4 an expected drop in Mill between 
the first and second series was not found for saline injected males paired 
with presenting females. 
Figure 9.4 shows that both EP1 and EP2 males do show the predicted 
drop in Mill from the first to the second ejaculation. A decrease in Mill is 
observed for EP1 males although predicted s tability is shown by these males 
on their second trial. Likewise those males copulating in the absence of 
perioral anapsis also show stability in Mill from the second series on. 
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9.10.2 Comparison of individual data 
EP1 males showed a reduction as EF increased. This reduction is also 
shown for EP2 males copulating in the absence of perioral anapsis. However, 
no change in Mill is seen for those males copulating in the presence of 
perioral anapsis. It should be noted that clear differences were not 
particularly evident for different saline groups in Experiment 4.} 
9.11 Results - Post-ejaculatory interval 
Post-ejaculatory interval (PEI) is the time from ejaculation to the next 
intromission which begins a copulatory series expressed in seconds. 
No significant differences in PEI between EP1 and EP2 males 
copulating in the presence of perioral anapsis were found at serie_s two and 
three (Wilcoxon: Series 2, T = 15, P > 0.10; Series 3, T = 8, P > 0.10). 
The clear linear increase in PEI as exhaustion approaches which was 
found in Experiment 4 is also observed for EP1 and LEP2 males copulating 
both in the presence and absence of perioral anapsis. Figure 9.5 shows a 
graphical representation of this trend. 
9.11.1 Comparison of individual data 
PEI has been found to be shorter in males achieving high numbers of 
ejaculations than in males achieving only a few ejaculations (Experiment 4). 
When PEI is considered as a function of ejaculatory frequency for each 
condition it would appear that this is not the case. 
That PEI does not show a decrease as the ejaculatory frequency 
increases is interesting as Experiment 4 found that males paired with 
presenting females only showed a decrease in PEI at ejaculations five to nine. 
The proposed decrease was found for males paired with presenting 
and hopping and hopping females but was not in evidence for males paired 
with lordotic, hopping and darting and darting females. Experiment 8 found 
that sexually experienced males did show lower post-ejaculatory intervals. 
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9.12 Number of noncopulating males 
Chapter 3 examined the persistent failure of males to copulate in the 
presence of receptive females and using work carried out by previous 
researchers devised a rearing and testing method that would provide 
optimum conditions for expression of male copulatory behavio~ in this 
particular study. Table 9.13 is part of a figure previously presenre~· in Chapter 
3. This table shows the number of males raised under conditions similar to 
that used in this study initiating copulation with different females types. 
Table 9.14 shows the number of sexually naive males in this study that did 
not initiate or ejaculate during their first pairing with females displaying 
different levels of proceptive behaviour. 
It can be seen from these tables that the experimental sequence has 
achieved a much higher percentage of males copulating with different 
female types. Of particular interest to this experimental sequence is the 
number of males which did not initiate or did not ejaculate during their first 
pairing with presenting females. Experiments 4, 6, 7 and 8 found that all 
sexually naive males initiated copulation with presenting females while this 
experiment found that three males did not initiate. Experiments 6, 7 and 9 
found that of males initiating copulation one, four and three males 
respectively did not ejaculate. If the numbers of males initiating but not 
ejaculating is considered it would appear that this experiment has done 
'better' than experiment seven in that the number of non ejaculating males 
is at least comparable. Consideration of non initiating males shows that in 
this respect the number of males not initiating copulation in this experiment 
is the highest. Analysis of video tapes of the males which did not initiate 
showed that they exhibited precopulatory behaviour throughout 
the period of the trial and showed interest in the female until cessation of 
the experimental period. Females showed the requisite proceptive behaviour 
throughout the trial and evoked appropriate behaviour from males at all 
times. 
Table 9.13 Copulatory behaviour of males with females displaying various 
levels of proceptive behaviour (data from Hlinak and Madlafousek, 1971) 
Female Type 
Lordotic Presenting Hopping Darting 
Copula tors 1% 45% 78% 99% 
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Table 9.14 Non-initiating and non-ejaculating males paired with different 
female types during their first copulatory experience. 
Female type Non Initiators Non Ejaculatp~ 
---;(-:-
Experiment 4 
Lordotic 2 3 
Presenting 0 0 
Presenting & Hopping 0 1 
Hopping 0 0 
Hopping & Darting 0 3 
Darting 0 0 
Experiment 6 
Presenting 0 1 
Experiment 7 
Presenting 0 4 
Experiment 8 
Presenting 0 0 
Experiment 9 
Presenting 3 3 
That the number of males not initiating copulation in this particular 
experiment is higher than other experiments is puzzling and may be due to 
chance or litter variation. It would have been convenient to have these three 
males copulating during the first trial to increase the number ejaculatory 
series for analysis. However, as the number of males initiating copulation 
during the previous experiments has been so high it may well be that an 
overly pessimistic view of non-initiation and ejaculation is being taken. 
That some males do not ever initiate copulation was observed in this 
laboratory and is well documented in the literature. On balance it would 
appear that the number of non-initiators and non-ejaculators overall has 
been lower than that which might have been expected had a traditional 
experimental procedure been used. 
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9.13 Discussion 
Experiment 9 which is the last of a series of experiments examining 
the role of trigeminally mediated information on sexual behaviour of male 
rats has made some intriguing findings. It has developed the re~lts of 
Experiments 5 and 8 and discovered that males with one prior copulatory 
trial of 90 minutes with presenting females seven··days before injection of 
lidocaine into the mystacial pads prior to a copulatory trial with presenting 
females are able to overcome the profound effect of this manipulation on 
copulation previously described in Experiment 5. 
It has been observed that a number of ejaculations greater than one 
and less than or equal to three during the first sexual encounter of a male 
paired with a presenting female is able to overcome the profound effect of 
loss of vibrissa! information. In addition, it has been observed that there are 
no differences in measured copulatory parameters between males copulating 
during their first sexual trial and in the absence of vibrissa! information. 
Experiment 8 found that the only difference between sexually 
experienced anaptic and non anaptic males was in the time taken to initiate 
the first ejaculatory sequence. Experiment 8 discussed this finding and 
concluded that as other experimenters were able to use initial mount latency 
as an indicator of experimental manipulation it would not be unlikely that 
loss of trigeminal information might well result in an increase in latency to 
initiate. However, the finding that males in this experiment do not show 
such a latency would seem to contradict the evaluation of Experiment 8. 
Lengthening (e.g. Beach and Jordan, 1956) or shortening (e.g. Dahlof 
and Larsson, 1979) of mount latency is either taken as an effect on the sexual 
arousal mechanism (SAM) proposed by Beach (1956) or is often mentioned 
as part of a battery of measurements of which mount latency is described 
with intromission latency, mount frequency, intromission frequency etc. etc .. 
(it is after all rather easy to measure). If it is accepted that mount latency is 
indicative of effect of an experimental manipulation then the way in which 
it which it manifests itself in experimentation needs to be examined. 
Some experiments show that mount latency is not affected by 
experimental manipulation and some show that it is e.g. Dahlof and Larsson 
(1978) studied penile desensitisation as a function of prior sexual and social 
experience and found no difference in mount latency. Caggiula and Eibergen 
(1969) administered peripheral shock and found that mount latency was 
decreased. Beach and Wilson (1963) found no difference in mount latency 
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after removal of seminal vesicles in experienced males. Beach and Holz-
Tucker (1949) castrated male rats and observed that mount latency increased 
over time. However, they dropped the first postoperative mount latency 
because "many animals showed long latencies which seemed to reflect 
emotional disturbance due to the strangeness of the environme_!lt" (Beach 
1 
and Holz-Tucker, 1949 p 435). · ~; 
In the context of this particular study the measurement and analysis of 
mount latency as a result of experimental manipulation is perhaps 
hampered by its measurement over a small amount of trials. In Experiment 
8 it was suggested that repeated copulatory trials in the presence of lidocaine 
induced perioral anapsis would ascertain any alteration in mount latency. 
Even though males in Experiment 8 showed an increase in mount latency 
between trials their latencies were much shorter than that observed 
previously for sexually naive males copulating for the first time. Repeated 
measurement with a larger group of subjects would provide this data. If we 
consider the findings of this experiment it would seem unlikely that males 
with one prior copulatory trial would more resilient to any effect of perioral 
anapsis than males with three prior 90 minute copulatory trials. Perhaps the 
most reasonable interpretation is that differences in subject groups may 
account for differential and variational mount latencies and that when 
considering mount latency as an indicator of effect of experimental 
manipulation it is used in conjunction with other measures of male 
copulation.The conclusion is that prior sexual experience is able to overcome 
the profound effects on copulatory performance of male rats deprived of 
trigeminally mediated vibrissa! information. 
This experiment has found a differential response to loss of vibrissa! 
information based on prior copulatory experience. That this experience has 
an effect in terms of complete protection from perioral anapsis based on the 
number of ejaculations achieved and initiation of copulation in the absence 
of anapsis is intriguing. Experiment 8 discussed the amount of copulatory 
experience that would be given to males prior to their copulatory trial in the 
presence of anapsis. It was noted that Madlafousek, Hlinak and Beran (1976) 
allowed males three intromittory mounts or an ejaculation, whichever came 
first in their studies of male copulation. In this particular case it would 
appear that 3 mounts without intromission, 58 mounts without 
intromission and 18 intromissions or 1 ejaculation are not able to prevent 
the effects of perioral anapsis but are able to prevent the noncopulation in 
the absence of perioral anapsis observed in Experiment 4. Three ejaculations 
are able to prevent the effects of perioral anapsis. 
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Chapter 10: Discussion 
10.1 Introduction 
This work has sought to address the validity of the multi1?,.ensory 
1 
hypothesis proposed by Beach (Beach, 1942a, Beach and Jaynes,~56) with 
regard to the role of vibrissal information on male copulation. It 'has 
examined the contention made by Beach (1942a) that "Neither olfaction, 
vision, nor cutaneous sensitivity in the snout and lips is essential to the 
appearance of copulatory behaviour in the inexperienced male rat." (Beach, 
1942a, p. 205). In order to accomplish this it has focused on the effect of 
removing one sensory modality, namely information from the vibrissae of 
the male rat. Specifically it has examined the removal of trigeminally 
mediated vibrissa! information on the copulatory behaviour of sexually 
inexperienced and experienced male rats paired with females displaying 
different levels of proceptive behaviour. 
10.2 Experimental findings 
This study has found, that in contrast to Beach, loss of perioral tactile 
information has a profound effect on the sexual behaviour of inexperienced 
male rats. Inexperienced males rendered anaptic by intramystacial injection 
of lidocaine do not copulate except with females displaying the highest levels 
of proceptive behaviour. In contrast sexually experienced males are protected 
against the previously catastrophic effect of loss of perioral tactile sensation. 
The main findings of this study are shown below, further details are 
available within the relevant experimental chapter. 
10.2.1 Experiment 4: Inexperienced males 
This study found that sexually inexperienced males, which copulated 
with different female types showed no differences in copulatory parameters 
except when paired with females displaying the lowest (lordotic) and highest 
(darting) forms of proceptive behaviour. Table 10.1 below shows the results 
of pairing sexually inexperienced males with the four different female types 
within the boundaries of low and high proceptivity levels. 
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Table 10.1 Sexually inexperienced males paired with females displaying four 
different levels of proceptive behaviour (presenting, presenting and 
hopping, hopping, hopping and darting). 
Measure 
Initiation and Ejaculation 
Mount Latency 
Intromission Latency 
Mount Frequency 
Intromission Frequency 
Mean Interintromission Interval 
Ejaculation Latency 
Post-Ejaculatory Interval 
Ejaculatory Frequency 
Effect of female type oh 
copulatory para mete~ · 
No Difference 
No Difference 
No Difference 
No Difference 
No Difference 
No Difference 
No Difference 
No Difference 
No Difference 
Table 10.2 below shows the differences in copulatory parameters for males 
paired with lordotic and darting females. 
Table 10.2 Sexually inexperienced males paired with females displaying the 
lowest (lordotic) and highest (darting) forms of proceptive behaviour. 
Measure 
Initiation and Ejaculation 
Mount Latency 
Intromission Latency 
Mount Frequency 
Intromission Frequency 
Mean Interintromission Interval 
Ejaculation Latency 
Post-Ejaculatory Interval 
Ejaculatory Frequency 
Effect of female type on 
copulatory parameters 
Lordotic Darting 
Least Most 
No Difference Fastest 
Slowest Fastest 
Highest Lowest 
No Difference No Difference 
No Difference No Difference 
Slowest Fastest 
No Difference No Difference 
Least Most 
Table 10.2 above shows that males paired with lordotic females were 
least likely of all groups to initiate copulation and achieve ejaculation. Males 
paired with darting females showed the highest initiation and likelihood of 
ejaculations. When latency to begin copulation is considered no significant 
difference between males paired with different female types was found 
though males paired with darting females initiated faster than any other 
group. Males paired with lordotic females took significantly longer to begin 
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the intromissive pattern leading to ejaculation while males paired with 
darting females had the shortest intromission latency. The amount of 
mounts without intromission was higher for males paired with lordotic 
females than that of males paired with darting females. No differences were 
observed between males paired with lordotic females and those _J{aired with 
darting when intromissive patterns are considered. Not only dkf males 
intromit comparably but the temporal interval between intromissions 
leading to ejaculation was not significantly different. The time taken from 
the first intromission to the first ejaculation was longer for males paired 
with lordotic females than those paired with darting females. Males paired 
with darting females achieved the highest number of ejaculations of all 
groups while males paired with lordotic females showed the lowest. 
10.2.2 Experiment 5: Anaptic inexperienced males 
No sexually inexperienced males copulated with females displaying 
presenting, presenting and hopping and hopping levels of proceptive 
behaviour in the presence of perioral anapsis. No males paired with hopping 
and darting females initiated copulation in the presence of perioral anapsis. 
Half of the males paired with hopping and darting females initiated 
copulation when the effects of mystacial injection of lidocaine were no 
longer present. Ten males paired with darting females initiated copulation in 
the presence of perioral anapsis and two males initiated copulation in the 
absence of perioral anapsis. 
Table 10.3 shows the copulatory parameters of males initiating 
copulation in the absence of perioral anapsis when paired with hopping and 
darting females. The data from these males is compared to that of their saline 
controls (Experiment 4). 
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Table 10.3 Anaptic sexually inexperienced males paired with hopping and 
darting females 
Measure 
Mount Latency 
Intromission Latency 
Mount Frequency 
Intromission Frequency 
Mean Interintromission Interval 
Ejaculation Latency 
Post-Ejaculatory Interval 
Ejaculatory Frequency 
Effect of female type on 
copulatory parameters 
.- ! 
No Difference-~ 
No Difference 
No Difference 
No Difference 
No Difference 
Longer (series 1) 
No Difference 
No Difference 
It can be seen from Table 10.3 above that males initiating copulation 
post-anapsis were able to initiate copulation and maintain the intromissive 
pattern leading to ejaculation. Ejaculation latency was longer for these males 
than their saline controls in the first ejaculatory sequence only as two of the 
six copulators displayed extended latencies. 
Table 10.4 below shows the results for ten males copulating in the 
presence of perioral anapsis when paired with females displaying darting 
proceptive behaviour compared to that of saline controls from Experiment 4. 
Table 10.4 Anaptic sexually inexperienced males paired with darting females 
Measure 
Mount Latency 
Intromission Latency 
Mount Frequency 
Intromission Frequency 
Mean Interintromission Interval 
Ejaculation Latency 
Post-Ejaculatory Interval 
Ejaculatory Frequency 
Effect of female type on 
copulatory parameters 
Longer 
Longer 
No Difference 
No Difference 
Longer 
No difference 
Longer 
Lower 
Of those males paired with darting females ten males copulated in the 
presence of perioral anapsis while the remaining two copulated when 
perioral anapsis was no longer present. These males displayed (in 
comparison to controls) longer mount and intromission latencies as well as 
longer mean interintromission intervals and post-ejaculatory intervals. No 
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differences in the amount of mounts and intromissions was found although 
overall these males were able to deliver less ejaculations than controls. 
10.2.3 Experiments 6 and 7: Sexually inexperienced males injected 
intraperitonealy and in the masseter muscle 
Two experiments were carried out as controls for possible effects of 
intramystacial injection of lidocaine. In Experiment 6 sexually i~xperienced 
males were injected with either saline or lidocaine in the masseter muscle as 
a control for effect of perioral injection of lidocaine. Experiment 7 used 
intraperitoneal injection of saline or lidocaine as a control for systemic 
toxicity. Both experiments showed that in comparison to saline controls the 
injection of lidocaine intraperitonealy or into the masseter muscle did not 
effect any of the measured parameters of male copulation when these males 
were paired with presenting females. 
10.2.4 Experiment 8: Anaptic sexually experienced males with ·three prior 
copulatory experiences 
Experiment 8 examined the effect of prior experience on the 
copulatory performance of anaptic males paired with presenting females. 
Males were given three copulatory trials with presenting females prior to 
induction of perioral anapsis on the fourth copulatory trial. Of the anaptic 
males all but one initiated and maintained copulation in the presence of 
perioral anapsis during their fourth pairing with presenting females. One 
male did not initiate copulation in either the presence or absence of perioral 
anapsis. Table 10.5 below shows copulatory parameters for anaptic males 
paired with presenting females during their fourth copulatory trial in 
comparison to their performance during the third copulatory trial. 
Table 10.5 Anaptic sexually experienced (3 trials) males paired with 
presenting females 
Measure 
Mount Latency 
Intromission Latency 
MotuntFrequency 
Intromission Frequency 
Mean Interintromission Interval 
Ejaculation Latency 
Post-Ejaculatory Interval 
Ejaculatory Frequency 
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Effect of experience on 
copulatory parameters 
Longer 
Longer 
No Difference 
No Difference 
No Difference 
No Difference 
No Difference 
No Difference 
No difference in any parameters apart from that of latency to begin 
and initiate copulation was found for males copulating for the fourth time in 
the presence of perioral anapsis. These results would indicate that prior 
copulatory experience is able to protect against the loss of perioral sensation. 
10.2.5 Experiment 9: Anaptic sexually experienced males with one prior 
copulatory experience -~ ~ -
Experiment 9 was carried out to further examine the innoimlatory 
effect of sexual experience on perioral anapsis by reducing the amount of 
prior copulatory behaviour. This experiment gave males one prior 
copulatory experience prior to a second pairing with presenting females in 
the presence of perioral anapsis. 
Five of the twelve subjects copulated during the first and second trials 
and three did not copulate during the first and second trials. Four males 
initiated during the first trial and of these four, three initiated copulation in 
the absence of perioral anapsis during the second trial. Table 10.6 below 
shows the. copulatory performance of these males during their first and 
second trials. 
Table 10.6 First and second (anaptic) copulatory trials of males paired with 
presenting females. 
Trial1 Trial2 
Subjects Copulation Ejaculations Copulation Ejaculations 
Mounts (M) 
Intromissions 0) 
#2 Yes 6 Yes- Anaptic 6 
#4 Yes 6 Yes - Anaptic 4 
#5 Yes 4 Yes - Anaptic 7 
#7 Yes 3 Yes - Anaptic 5 
#8 Yes 3 Yes- Anaptic 4 
#1 Yes 1 Yes- Non-Anaptic 2 
#9 Initiation Only 58 M 18I Yes - Non-Anaptic 1 
#10 Initiation Only 3M Yes- Non-Anaptic 4 
#3 Initiation Only 2M No 
#6 No No 
#11 No No 
#12 No No 
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Table 10.7 below shows the copulatory parameters of those males 
paired with presenting females that copulated during the first trial and in the 
presence of perioral anapsis during their second trial in comparison to their 
first. 
-. 
Table 10.7 Anaptic sexually experienced (1 trial) males paired ~ presenting 
females 
Measure 
Mount Latency 
Intromission Latency 
Mount Frequency 
Intromission Frequency 
Mean Interintromission Interval 
Ejaculation Latency 
Post-Ejaculatory Interval 
Ejaculatory Frequency 
2nd Trial 
Result 
No Difference 
No Difference 
No Difference 
No Difference 
No Difference 
No Difference 
No Difference 
No Difference 
10.3 Multisensory regulation of male sexual behaviour and maternal 
retrieving 
The introduction to this work described and discussed the work on 
sexual behaviour carried out by Beach and placed this within the concept of 
the multisensory hypothesis. The results of this work described previously 
have shown that tactile sensation is an important component of males 
sexual behaviour. However, the work on sexual behaviour is one part of the 
multisensory hypothesis proposed by Beach based on his observations of 
male sexual behaviour and pup retrieval (Beach and Jaynes, 1956). The 
contention that both male copulation and maternal retrieval of pups is 
served by the same mechanism(s) is an important hypothesis and it is of 
interest to examine this in the context of the similarities and differences 
between male copulation and maternal retrieving. 
In his work on the sexual behaviour of male rats Beach (1942a) sought 
to identify the characteristics of the incentive stimuli needed to initiate 
copulation in sexually inexperie~ced and experienced males. The study of 
maternal retrieving (Beach and Jaynes, 1956) studied the effects of 
manipulation of the sensory characteristics of pups on the retrieving 
behaviour of postpartum lactating rats experienced in this behaviour. In both 
experiments Beach altered the sensory inputs available to sexually 
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inexperienced and experienced male rats and experienced lactating females . 
The study of male sexual behaviour found that initiation of 
copulation by sexually naive males only occurred in the presence of awake 
oestrous females. Males did not attempt copulation with an immobile 
oestrous female. Normal lactating females retrieved pups but ail increase in 
! 
latency was observed for pups that were sprayed with lavendeNri"l. A 
' 
reducing difference in the percentage retrieved was observed for pups that 
were, freshly dead, covered in vaseline, covered in collodion, dead, dead and 
preserved in alcohol and finally a piece of beef heart. 
Manipulation of sensory input for sexually inexperienced males 
resulted in copulation by males rendered blind, anosmic and anaptic. Some 
males with a double loss; blind-anaptic, anosmic-anaptic and blind-anosmic 
did not copulate with females. A single male with a triple sensory loss; blind-
anosmic-anaptic did not copulate. The same manipulations for sexually 
experienced male rats did not prevent copulation by a reduced number of 
males in the single and double sensory loss conditions but did so in the triple 
sensory loss condition. Those males that did copulate evidenced difficulties 
in orientation to the female. A similar series of manipulations for 
experienced lactating females did not prevent retrieving of pups in single, 
double and triple sensory reductions although it did reduce the number of 
pups retrieved. 
For the single sexually experienced male subjected to a triple loss 
Beach concluded: "Despite the possession of a low copulatory threshold, the 
experienced copulator deprived of vision, olfaction and cutaneous sensitivity 
in the snout and lips cannot obtain from the receptive female sufficient 
stimulation to raise excitability to this threshold" (Beach, 1942a, p . 206). The 
results of the sexual behaviour experiments led Beach to conclude that for 
sexually inexperienced males not only was the receptive female the only 
adequate stimulus but that "Combined elimination of any two of the senses 
greatly reduced ~e probability of copulation, and in all of our rats without 
sexual experience mating behavior was prevented by such an operation" 
(Beach, 1942a, p. 205). This was followed by his statement: ''Neither olfaction, 
vision, nor cutaneous sensitivity in the snout and lips is essential to the 
appearance of copulatory behaviour in the inexperienced male rat." (Beach, 
1942a, p. 205). 
In his study of retrieval in experienced lactating females Beach stated: 
"Elimination of two sensory avenues does not abolish the maternal reaction 
but may decrease the efficiency with which it is performed. The additional 
elimination of a third exteroceptive pathway creates even greater 
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interference but still does not totally eliminate the retrieving response" 
(Beach and Jaynes, 1956, p. 121: italics added). 
We can see that by testing copulation in sexually inexperienced and 
experienced male rats and retrieval in lactating females Beach had laid down 
the fundamental tenets of the multisensory hypothesis. Namely.L that no one 
! 
sense was necessary for the appearance of copulation or retrie~nd that 
both copulation and maternal retrieving are dependent upon a multisensory 
pattern. 
However, Beach added two other interpretations to these findings 
which applied only to male sexual behaviour. Firstly, he found that some 
males attempted to mount animals other than the receptive female, while 
others did not attempt to mount any animals apart from the receptive 
female and a third group did not attempt to mount any animal including the 
receptive female (despite repeated trials and injection of testosterone 
propionate). To explain these findings Beach proposed that "For the purpose 
of discussion we define the minimal s tate of excitement adequate to activate 
the motor pattern of mating as the copulatory threshold." (Beach, 1942a, p. 
195). Beach argued that this concept allowed an explanation of his observed 
results namely that each male has an individual copulatory threshold which 
may be either high or low. Thus, a male that mounted other animals as well 
as the receptive female had a low threshold, while a male that only mounted 
the receptive female had a medium threshold and finally the male that did 
not mount any incentive animal had a high copulatory threshold. Beach 
suggested that his observation that sexually experienced males did copulate 
in the absence of two sensory modalities could be "explained on the basis of 
present findings to the effect that previous sexual intercourse with the 
receptive female tends to lower the copulatory threshold". (Beach, 1942a, p. 
200). Secondly; his observation that sexually experienced males did copulate 
in the absence of two sensory modalities meant that ''The results of these 
experiments on sensory deprivation may be summarized in the statement 
that no one of the modalities investigated is essential to copulatory behavior; 
and at the same time no one is sufficient by itself to arouse excitement 
leading to mating. The existence of a co-operative function and a resultant 
summation effect is strongly indicated" (Beach, 1942a, p . 201: italics added). 
Beach's final statement neatly encapsulated both these additional 
criteria: "The normal male receives from the sexually receptive female 
visual, olfactory and cutaneous stimuli, all of which contribute to the 
arousal of sexual excitement and the elicitation of the motor pattern of 
copulation, but none of which are essential if the copulatory threshold is 
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low enough to permit the appearance of motor patterns in the presence of 
reduced excitability consequent to elimination of one or more sensory 
receptors." (Beach, 1942a, p. 206, italics added). 
Thus, Beach claimed that for maternal retrieving the behaviour could 
be described in terms of efficiency while arousal was the basis f<(r male 
copulation. In addition, for copulation only, there was an irisll{fi.eiency of any 
one modality thereby requiring summation of multisensory inputs. 
Figure 10.1 (based on a figure by Stern, 1990, p. 185) is a schematic of this 
view. 
Figure 10.1 Multisensory regulation according to Beach (1942a) 
MULTISENSORY PATTERN 
looouR + SIGHT + TOUCH (SNOUT) I 
AROUSAL: COPULATION 
EFFICIENCY: RETRIEVAL 
10.3.1 Male sexual behaviour and maternal rebieving 
It is of interest that Beach defined both male copulation and maternal 
retrieving as being under multisensory control but assigned different 
concepts to these behaviours which were positively correlated with "learning 
ability as measured in a simple maze" (Beach and Jaynes, 1956). Stem (1990) 
suggests that the concept of arousal to male copulation was ascribed by Beach 
because of his observation that male behaviour was rapid and jerky whereas 
female retrieval behaviour is smooth and fluid. Stem does however rightly 
point out that it was the greater variation in the latency and likelihood of 
copulation by males in comparison to maternal retrieving among intact 
subjects. Beach had noted that some males did not copulate with females 
whatever the circumstance and that some males copulated in the presence of 
sensory loss while some did not. These findings were in marked comparison 
to retrieval in females where differences in retrieval are much less marked. 
The difference between the concepts of initiation of male copulation and 
maternal retrieving is notable in that nobody has ever used the terms 
"arousal" and "excitability" to describe the stimulation needed to reach the 
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"retrieval threshold" (Stern, 1990). This differentiation between behaviours 
becomes even more apparent when the concept of multisensory regulation 
in regard to male copulation was elaborated further by Beach in his proposal 
of a mechanism which could be used to describe both male and female 
copulation. 
- . 
The differentiation between male cop~lation and mater~l retrieving 
is more marked when the differential components of perioral tactile 
sensation are considered. In maternal retrieving perioral anapsis inhibits 
licking as well as retrieval of pups (Stern and Johnson, 1990; Stem and 
Kolunie, 1989). Jaw opening to a pup as to a food pellet (Ziegler, Semba and 
Jacquin, 1984) would indicate that orosensory components are important in 
retrieval. Work on ingestive behaviour (Jacquin and Ziegler, 1983 ) and 
aggressive biting (MacDonnell and Flynn, 1966) would indicate that in 
maternal behaviour the mandibular branches of trigeminal nerve that 
innervate .the teeth (inferior alveolar) are of importance in jaw opening in 
response to external stimuli. Transection of inferior alveolar branches causes 
deficits similar to those found for infraorbital section as well as reduction or 
elimination of all maternal activities, retrieving as well as deficits in 
maternal oral activities, increased parturition duration and pup mortality, 
delayed onset of nursing or no nursing at all, and no recovery of normal 
retrieving following either prepartum or postpartum denervations. It would 
seem that sufficient denervation of the anterior snout permanently inhibits 
normal retrieval in experienced mothers as well as affecting other maternal 
oral activities (Stem, 1990). 
In Beach's study and this work only a partial trigeminal orosensory 
denervation was carried out. Beach (1942a) removed sensation from the 
snout, skin of the nose and muzzle as well as the wing and tip of the nose. 
Sensory input from the upper lip and skin of the lower jaw was also 
removed. This study removed sensory input from the infraorbital branch 
which innervates the anteriodorsal snout. This denervation resulted in the 
noncopulation of sexually inexperienced males with females displaying 
presenting, presenting and hopping, hopping and hopping and darting 
proceptive behaviours. It did not prevent copulation by males given one or 
three prior sexual experiences. These results would indicate that at least for 
perioral tactile sensation the contention that male copulation and maternal 
retrieving are similarly controlled by multisensory mechanisms is not an 
appropriate analogy. 
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10.4 Methodological limitations in early work on sensory deprivation 
The introduction to this work argued that the experiments carried out 
by Beach in 1942a did not properly address those aspects of alteration of 
stimuli that were intended. This section of the work will further examine 
the manipulations carried out Beach and comment on their rel~Jance to 
sexual behaviour as well as suggesting alternate forms of investigation. 
10.4.1 Sensory denervations 
As has been previously discussed, olfaction does have a powerful 
effect on male sexual behaviour. The introduction also mentioned that 
effect(s) of anosmia is difficult to interpret because of other effects of removal 
of this sense. Certainly this area of the multisensory hypothesis has been 
more than adequately investigated and a very wide range of deficits in male 
copulation have been noted. Some of these include prolonged intromission 
and ejaculation latencies, an inability to sustain copulation once initiated, 
and failure to initiate copulation (Bermant and Taylor, 1969; Larsson, 1969, 
1971, 1975; Meisel, Lumia and Sachs, 1980; Wang and Hull, 1980). Prior sexual 
experience does ameliorate impairment following bulbectomy (Bermant and 
Taylor, 1969; Larsson, 1975), but does not eliminate it (Larsson, 1969; Meisel, 
Lumia and Sachs, 1980; Wang and Hull, 1980). The administration of flank 
shock (Meisel, Lumia and Sachs, 1980) or tail pinch (Wang and Hull, 1980) 
temporarily arouses bulbectomised males to copulate, though they do so 
more slowly than controls. Male rats use olfactory cues to differentiate 
between females in oestrous and anoestrous, and this faculty is dependent on 
prior sexual experience (Stern, 1970). This very brief overview of a small part 
of the work on olfaction shows that it is an important sense involved in 
male copulation and that, despite some problems in interpretation the 
contention by Beach that this sense is not important seems incorrect. 
Beach found no effect of loss of vision for sexually experienced males 
and these results were confirmed by Hard and Larsson (1968b) who used 
sexually experienced males from a locally bred strain selected for its sexual 
vigour. It was noted in the introduction that Beach's observed result of three 
out of four sexually inexperienced males not copulating did show a 
deleterious effect of loss of vision. This component of Beach's work could 
profitably be carried out with a larger number of inexperienced subjects in 
order to ascertain the level of impairment (or not). 
In Beach's study the effects of audition were not studied but as with 
olfaction it is difficult to devise a method that does not cause other effects. 
Certainly labyrynthitis can occur and if a male is unable to move in a normal 
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manner ~his does rather defeat the object of the experiment. The role of 
ultrasonic vocalisations were not investigated by Beach but subsequent work 
shows that ultrasonic communication has an effect on copulation. Males 
produce 50-kHz ultrasounds in the presence of an awake receptive female 
(Geyer and Barfield, 1978) and they are more likely to be emitte~py male rats 
that exhibit a high degree of sexual readiness (Geyer, Barfield art"ti· Macintosh, 
1978). Thomas, Talalas and Barfield (1981) conducted a study whereby males 
were muted and observed that no differences in copulation were observed 
between vocalising and muted males. Females did, however, show a 
difference in response to vocalisation in that they exhibited more darting 
behaviours when paired with vocalising males then muted males. 
Conversely, female patterns of receptive behaviour were not affected by 
devocalisation of the male. In this case it appears that while proc-eptive 
behaviour is altered by the vocalisations of the male, receptivity as measured 
by the lordotic response is not. Rather than removing auditory input from 
males, it is of interest to devocalise females and then pair them with sexually 
inexperienced males. The male would still have full auditory perception but 
presumably behaviourally salient cues would be unavailable. It would also 
be of interest to pair mute males and females in order to ascertain the 
possible interactive role of audition in copulation. Alternatively it might of 
course be possible to use ear plugs. 
The tactile sensory denervations carried out by Beach were restricted 
only to the perioral area and led to results somewhat different to those of this 
study. It has been suggested by others e.g. Stern, 1990, that as Beach did not 
replicate the ventral denervation carried out by Stone (1923) this experiment 
could be conducted in order to assess the role of tactile information from this 
region, using modern techniques avoid the long surgery to testing interval 
used by Stone (1923). This is of interest but whether or not it would actually 
prevent initiation of copulation is an interesting idea. Beach noted that since 
male rats display "precopulatory discrimination" in that they do not mount 
any individual available "it is difficult to see how proprioceptive sensation 
or the cutaneous sensitivity of the ventral body surfaces could stimulate 
mating behaviour before the male mounted the incentive animal" (Beach, 
1942a, p. 197). Obviously Beach did not take into account the role of feedback 
from the penis and surrounding ventrum in the continuation of copulatory 
activities. This is an interesting point of view and in some ways after all 
these years has an air of certainty about it as regards initiation of copulation. 
Beach may have been influenced in his view because in the introduction to 
his paper and certainly in the work of Lashley (1938) the arguments 
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presented to remove behaviour from a 'reflexive perspective' included 
analogies to the clasping reflex of the toad, and it might be that the sensory 
ventral component was a little too reminiscent of this behaviour. It might 
well be that sensation from the ventral area could be important in the 
positioning of the male so that penile insertion could occur rather then the 
-. 
initiation of copulation itself. The role of tactile sensation has ~n almost 
exclusively studied within the context of the penis. While these 'many 
investigations of spinally mediated information have enabled workers in the 
area of sexual behaviour to make rather weak jokes about research being 
phallically centred they have, by concentrating on the erectile aspect of male 
coition, not addressed the motoric components of grasping, palpation or 
thrusting with the hips. The role of penile afferents would indicate that on 
the whole removal of feedback using topical application of local ~naesthetic 
or transection of the pudendal nerve results in a decrease intromissions and 
hence ejaculations which is indicative of penile sensation being important 
for vaginal detection rather than initiation e.g. (Adler and Bermant, 1966; 
Carlsson and Larsson, 1964; Dahlof and Larsson, 1976; Larsson and Sodersten, 
1973; Lodder, 1976; Sachs and Barfield; 1970). 
Beach's investigation of multiple sensory deafferentation was 
somewhat flawed and has been pointed out in the introduction the males 
designated as blind and anaptic may have been blind only. The introduction 
has argued that in fact the effects of double sensory loss were as profound as 
single sensory loss in sexually inexperienced males and the question remains 
whether or nor not any purpose would be served in investigating these 
double and triple sensory loss conditions. It would, on reflection, be valuable 
to investigate some if not all of the double sensory loss conditions (as it 
would the single sensory loss) if only to ascertain, using different techniques 
and a larger sample size, the effects of these multiple denervations. Certainly, 
the pairing of females with inexperienced and experienced males with 
lidocaine induced anapsis and anosmia induced by destruction of the 
olfactory epithelium and removal of the vomeronasal organ would be an 
interesting experiment. The pairing of males in either of the two previously 
described conditions with mute females would also be a way of evaluating 
effect of multiple sensory loss. Whether or not the inclusion of blind males 
in further studies of multiple denervation would serve any purpose is a 
moot point. If blinding alone did not affect performance in sexually 
inexperienced males then this particular manipulation could be left towards 
the end of a cycle of work studying the effects of other multiple 
desensitisa tions. 
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10.4.2 Rearing 
In the introduction to this work observations were made that while 
Beach did not consider that social isolation might have an effect on 
copulatory performance subsequent work has shown that it does have a 
significant effect on copulation. Chapter 3 described the conditiOifS in which'.-
all subjects were raised in this study. Mention was made of genotypic 
variations in sexual performance and the data gathered by other researchers 
on rearing from birth under reversed lighting was evaluated and 
implemented. This study has managed to produce a high number of sexually 
naive males initiating copulation for the first time and the percentage of 
males not initiating is low in comparison to other studies. It has been noted 
that when studies of male copulation are reported use is often made of a 
strain selected for its sexual vigour e.g. Hard and Larsson (1968b) and that 
genotypic differences influence sexual performance is not in doubt e.g. 
Dewsbury, 1975a. If however differences in strain and rearing conditions can 
alter the amount of males able to initiate sexual behaviour within a given 
study, the effect of certain types of experimental manipulations does need 
careful scrutiny. Beach was certainly aware of the problems caused by 
noncopulation in males and attempted to remedy this with injection of 
testosterone. That testosterone can reverse effects of experimental 
manipulations is not in doubt but its use in cases of noncopulation as in 
Beach's study requires careful consideration. If optimal rearing conditions 
and genotypic variation can effect the likelihood of copulation by males then 
the question of what 'arousal' or a 'copulatory threshold' might well need to 
be elucidated. If a sexually vigorous strain was raised under optimal 
conditions and then tested under removal of a single sensory system a 
possible outcome might be that no effect was observed. Conversely adverse 
rearing and an inappropriate strain choice might lead to a very strong effect 
of sensory removal. As mentioned earlier Beach was aware of these 
problems and addressed them rather more clearly in his papers describing 
the central excitatory mechanism and the dual process theory of copulation. 
By evaluating replications of work and scrutinising data from other 
laboratories a consensus view may be the only way to address this problem. 
Certainly, the phenomenon of sometimes persistent noncopulation by males 
which may well be based on genotypic and environmental factors will 
continue to cloud analysis of sexual behaviour and perhaps draw attention to 
concepts of arousal rather more than is necessary. 
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10.4.3 Data collection 
The collection and analysis of accurate data in this study was a primary 
consideration and involved months of programming effort as well as many 
months of analysis of video tapes. The necessity for accurate analysis is 
perhaps best exemplified by Beach's study (1942a). As we saw in_the 
! 
introduction Beach used film cameras and dictated his observati;Ons to an 
assistant. Despite these tools Beach did not report fully the amount of 
mounts, intromissions and ejaculations within that work. Why he did not 
do so will remain unknown but it does draw attention to the fact that 
perhaps the easiest criticism that can be made of any work on male sexual 
behaviour is that the types of behaviour may not have been properly 
identified and that the temporal pattern has not been described. Stern (1990) 
makes just such a criticism of Beach's work and rightly points out that 
temporal patterns were not recorded. The value of precise identification and 
the calculation of temporal patterning has been amply rewarded in this 
particular study as it has allowed a precise definition of the effects of loss of 
tactile sensation. Analysis of data from Experiment 8 showed that when 
males with three prior copulatory experiences were rendered anaptic and 
paired with presenting females only the latency to initiate and begin the 
copulatory sequence showed a difference while in all other measures the 
patterning and pace of male copulation was unaffected. Conversely it also 
showed that in Experiment 9 males with a single copulatory experience were 
unaffected on measures of initiation and maintenance. This last finding does 
in a small way show what a reasonably accurate analysis can do for the 
interpretation of experimental data. Were the data to be inaccurate in terms 
of behavioural and temporal occurrence then it is possible that initiation 
could be described as being either affected or unaffected in both instances. In 
addition, the calculation of total occurrences of behaviours in alliance with 
temporal measures of patterning can also assist in the elucidation of data. 
Experiment 4 showed that while no difference in the number of 
intromissions between anaptic males copulating with darting females and 
their saline controls was found there was a change in patterning. The 
calculation of a mean interintromission interval enabled an evaluation of 
the rate of intromission shown by these subjects i.e. an increase in the 
interval between intromissions. The findings of the experiments above show 
that reasonable accuracy of data can cause difficulties in interpretation but 
this is outweighed by the advantageous realisation that behaviour may not 
be as stereotypic as previously assumed or that the postulated mechanisms 
for its occurrence may not be correct. 
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Chapter 3 has drawn attention to the difficulties involved in the 
identification of behaviours even when using video technology and has 
mentioned the problems of interobserver reliability in the viewing of real-
time behaviours. The difficulty of correct behaviour identification and 
recording its temporal occurrence has been a problem for all stuclfnts of 
animal behaviour and will continue to be so. It is time-consurilif):g, laborious 
and extremely tedious and in addition can perhaps cause more 'problems' in 
interpretation of data than might be expected under 'normal' recording 
situations. It's advantages however outweigh the disadvantages as modern 
video technology is relatively cheap and recordings can be made during pilot 
and full experimental runs. Where the results of experimental 
manipulations are clear the tapes need not be analysed, but where it is 
possible that patterning or timing of events may have been affected they can 
be analysed to see if the effects of the manipulation are more subtle than 
might be expected. 
10.4.4 Stimulus incentives 
The use of different stimulus incentives in Beach's study was noted in 
the introduction. Beach found that full copulatory behaviour occurred only 
in the presence of an awake and mobile female in oestrous. Criticisms have 
been made by researchers that Beach did not consider the role of the female 
as other than a passive stimulus incentive e.g. Stem, 1990, and that he did 
not make any attempt to acknowledge the active part played by the female 
until much later (Beach, 1976). Certainly Beach did concentrate on the 
receptive component of female behaviour i.e. lordosis and not take into 
account other active components of male directed behaviour e.g. darting and 
ear wiggling, but then neither did many other researchers (Doty, 1974). In his 
other work on male copulation Beach was certainly aware of the behaviour 
of receptive females and described the various behaviours exhibited by the 
female as the "courting run in which the female darts swiftly away from the 
male for a relatively short distance and then comes to an abrupt halt ...... This 
pseudo-retreat usually elicits prompt pursuit and renewed investigation on 
the males part." (Beach, 1956). Beach did however attempt to define female 
behaviour and proposed an arbitrary division of the stimulus qualities of 
females into nonbehavioural and behavioural stimuli. These two types of 
stimuli were proposed to function jointly and one could often supplement 
the effectiveness of the other (Beach, 1976). 
Nonbehavioural stimuli were those based on some kind of visual, 
olfactory or gustatory stimulus. The swelling of female chimpanzee perineal 
skin may act as a visual stimulus (McGinnis, 1979) and in rats it has been 
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shown that males prefer the odour of oestrous to dioestrous females (Carr, 
Loeb and Dissinger, 1965) as well as a preference for their urine (Pfaff and 
Pfaffman, 1969). Olfactory and gustatory stimuli from sniffing and licking of 
the vulva of an oestrous cow evoke theflehmen response in the bull (Hafez, 
Schein and Ewbank, 1969). Thus, the sexual attractivity of the female 
represented the stimulus which evokes an appetitive response -~ the male. 
Behavioural stimuli were proposed to enhance nonbehavioural 
stimuli by the appetitive behaviour shown by the female towards the male. 
Thus, females which actively 'solicit' copulation were proposed to have a 
higher stimulus value for the male than others which do not. Beach (1976) 
quoted the findings of Madlafousek and Hlinak (1971) who showed that 
sexually inexperienced males were more likely to copulate with females 
displaying appetitive darting and hopping behaviours. It was the~e 
behavioural stimuli that Beach (1976) defined as being proceptive. 
Beach defined proceptivity as consisting of "appetitive activities 
shown by females in response to stimuli received from males." (Beach, 1976, 
p.l15, italics added). Beach further added "Since proceptive actions by the 
female constitute responses to stimuli normally provided by conspecific 
males, the female's appetitive behavior is a reflection of the male's sexual 
attractivity" Beach, 1976, p. 115, italics added). 
Quite what Beach meant by the "sexual attractivity" of a male was not 
made clear. Beach presented some data on chimpanzees and a study which 
found that female pigtail macaques preferentially chose certain males (Eaton, 
1973). In addition he noted that males avoided by an oestrous bitch are 
selected by another (LeBoeuf, 1967). No mention of rodentia was made in 
this analysis. Beach also argued that sexual receptivity could be operationally 
defined in S-R terms involving behaviour exhibited by females in response 
to stimuli normally provided by conspecific males. ''The generalization that 
each stage of the mating sequence involves reciprocal, bisexual interaction is 
directly relevant to the nature of female proceptive behavior. When they are 
in estrous, females not only are most attractive to the male; they are most 
attracted to him. Much of the appetitive behaviour here classified as 
proceptive is understandable in terms of this simple proposition." (Beach, 
1976., p. 115). Perhaps this latter statement is the most complete as it 
encapsulates in operational terms at least the fundamental principles of 
male-female interaction. It does not however bring us any closer to a 
definition or analysis of the role of the female in male sexual behaviour. 
This study used females in behavioural oestrous displaying six 
different levels of proceptive behaviour. The definition of female type was 
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rigorous and based on published norms (Hlinak and Madlafousek, 1972). By 
using these different types it was found that the behaviour emitted by these 
females was able to differentially effect copulation in normal males as well as 
those subjected to loss of perioral sensation. If the behaviour of the female is 
as Beach proposed a reflection of the males sexual attractivity then it is 
difficult to see how a male who did not attempt to copulate s~d elicit the 
highest form of proceptive behaviour from females for many hours. Hlinak 
and Madlafousek (1972) showed that the proceptive behaviour of the female 
is dependent on the amount of oestrogen and progesterone and not on the 
"attractivity" of the male. The finding that females remain in behavioural 
oestrous for many hours would appear to coincide with Beach's contention 
that it is at this time the female finds the male most attractive. It is of interest 
that only one study has examined the effect of perioral anaesthes~a on the 
sexual behaviour of female rats. Stern (personal communication; 1996) 
reports that bilateral perioral anaesthesia in females in behavioural oestrous 
reduces the amount of observed hopping and darting (proceptivity) but does 
not affect receptivity (lordosis). Stern suggests that since proceptive 
movements are orientation-specific, they may rely on trigeminal sensations. 
Stern further suggests that this acute loss of infraorbital sensation may lead 
to decreased arousal. 
10.4.5 Experimental findings 
Thus far this discussion has described the process by which Beach 
formulated his theory of multisensory regulation of male sexual behaviour 
which he later argued was also suitable for the analysis of maternal 
retrieving. It has been argued that the comparison of male sexual behaviour 
with that of maternal retrieving is not a useful method of analysis. Within 
the context of the central excitatory mechanism Beach developed his ideas of 
sensory inputs acting upon a genotypic and hormonal substrate to explain 
copulation in both male and female rats. Finally, Beach formulated a theory 
which has attracted many researchers over the years but which had at its core 
the same view of sensory input as was first formulated in 1942(a). 
The results obtained by this study are an addition to the development 
of work carried out by others who have addressed the multisensory 
hypothesis. It has been argued that olfaction is a more important sense than 
previously recognised by Beach and that there are experiments that could be 
carried out to extend the analysis of vision and audition. One of the points 
raised by the data of this study which is directly relevant to Beach's initial 
hypothesis is that removal of vibrisally mediated information actually 
prevents the expression of copulation in sexually inexperienced males. This 
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in stark contrast to the removal of other senses which reduce the occurrence 
of behaviour but do not prevent it. 
The work is able within the context of Beach's definition of 
multisensory regulation to address the ideas of initiation and maintenance 
of behaviour. In regard to initiation, Beach stated "For the purp~se of 
discussion we define the minimal state of excitement adequat~ ·activate the 
' 
motor pattern of mating as the copulatory threshold." (Beach, 1942a, p. 195). 
This latter statement was combined with maintenance of behaviour in the 
following statement: "The normal male receives from the sexually receptive 
female visual, olfactory and cutaneous stimuli, all of which contribute to the 
arousal of sexual excitement and the elicitation of the motor pattern of 
copulation, but none of which are essential if the copulatory threshold is 
low enough to permit the appearance of motor patterns in the pr.esence of 
reduced excitability consequent to elimination of one or more sensory 
receptors.~' (Beach, 1942a, p. 206, italics added). 
Experiment 4 found that in normal males a difference in copulatory 
behaviour was observed between males copulating with lordotic and darting 
females. In Beach's terms these differences manifested themselves in terms 
of initiation (arousal) and the elicitation of the copulatory pattern, this 
arousal was based in part on the attainment of a level of arousal sufficient to 
cross the copulatory threshold. Males paired with lordotic females were the 
least aroused in that they initiated least and males paired with darting 
females were most highly aroused as more initiated. Males paired with 
females displaying behaviours within the two extremes presumably had 
some 'middle' level of arousal. Beach's model is unable to provide an 
analysis of increased mount frequency in males paired with lordotic females 
and a decrease in males paired with darting females. Neither is it able to 
provide an answer to similar differences in ejaculation latency. 
Experiment 5 found that sexually inexperienced males paired with 
female types ranging from presenting to hopping and darting did not 
copulate in the absence of a single sensory loss. However, males with a single 
sensory loss did copulate with darting females. Apart" from the fact that 
Beach's model is unable to answer the aspect of noncopulation by males with 
a single sensory loss it also has some difficulty in explaining why sexually 
inexperienced anaptic males did copulate with darting females. It would 
appear that in this case differential copulation might be the result of 
reduction in the copulatory threshold of copulating males and perhaps a 
converse rise in the copulatory threshold of those noncopulating males. 
When the results of Experiment 8 are evaluated Beach's model is 
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perhaps a little more forthcoming. Beach suggested that his observation that 
sexually experienced males did copulate in the absence of two sensory 
modalities could be "explained on the basis of present findings to the effect 
that previous sexual intercourse with the receptive female tends to lower the 
copulatory threshold". (Beach, 1942a, p. 200). Thus, ni.ales copul~png in the 
absence of a single sensory modality have had their copulato~eshold 
reduced. The only difference observed between males copulating in the 
absence of anapsis in trial three and its absence in trial four was that of 
mount and intromission latency. This might mean that while the copulatory 
threshold was lowered by previous sexual experience it was perhaps in some 
way not low enough to allow 'normal' arousal to trigger copulation. Perhaps 
Beach's comment that "The existence of a co-operative function and a 
resultant summation effect is strongly indicated" (Beach, 1942a, p; 201: italics 
added) is able to account for this effect. The sensory value of the stimulus 
object in some way raised arousal so that it was able to combine with the 
lowered copulatory threshold and thus lead to the pattern of copulation. 
This brief review of the data based on the concept of the multisensory 
hypothesis has shown that the model as originally described is unable to 
account for the primary findings of this study, namely that removal of a 
single sensory input does prevent copulation in sexually inexperienced 
males. In addition, it is also unable to provide an explanation in any 
meaningful way of alterations in the patterning of male sexual behaviour. 
The results observed for sexually experienced males can only be interpreted 
by means of some unquantifiable combination of arousal mechanisms. 
Finally, it does not take into account the stimuli displayed by a proceptive 
female which might in some way be able to alleviate the loss of sensory 
input. 
10.6 Central excitatory mechanism 
The Central Excitatory Mechanism is a theoretical model of male and 
female sexual behaviour which encompasses both multisensory inputs and 
hormonal bases of behaviour (Beach, 1942c). The main points that led Beach 
to the description of this mechanism were based on the findings of his work 
on the multisensory regulation of sexual behaviour in male rats and the 
effects of removal of neocortex on the sexual behaviour of male rats (Beach, 
1940, 1941, 1942a). It is interesting to note that the multisensory hypothesis 
was submitted for publication in June 1941 and the Central Excitatory 
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Mechanism was initially presented in December 1941. The Central Excitatory 
Mechanism (Beach, 1942c) is still an important theoretical mechanism for 
the investigation of male and female copulation although the emphasis in 
recent years has been on the subsequent experimental work generated by this 
formulation. It is however of interest to examine this mechanisrr which is 
still widely accepted e.g. Stem, 1990, in terms of its statements crO?ut both 
somatosensory inputs and male copulation. To date no investigation of the 
role of tactile input from the vibrissae on sexual behaviour of male rats 
within the postulated Central Excitatory Mechanism (CEM) has been carried 
out. 
This description of the CEM will follow the points made by Beach as 
he described components of behaviour and theoretical issues that lead to this 
particular formulation of the processes involved in male copulation. As was 
usual in Beach's work he covered many different related topics and used data 
from nonhuman and human studies to provide data for his wide-ranging 
theoretical arguments. The outline presented here is representative of the 
multisensory aspects of this theory and does not cover all aspects and 
arguments of the CEM. 
Beach noted that in many instances male rats do not copulate with 
receptive females and that elicitation of copulation does not appear on every 
pairing. Beach also noted that the speed of initiation varied between males 
and that the number of intromissions and ejaculations over given time 
periods was consistent for individuals but varied between them. Beach 
pointed out that for sexually inexperienced males these individual 
differences needed to be taken into account to explain why some males did 
not mount with a receptive female but did so with another. He proposed that 
the "initial mating reactions of the male of any species cannot be defined 
solely in terms of the incentive animal, but is determined jointly by these 
sensory qualities and the sexual excitability of the individual male under 
consideration." (Beach, 1942c, p. 174). His general rule generated from a 
review of the available data concluded: "The specificity of the stimulus 
adequate to elicit mating responses varies inversely with the sexual 
excitability of the individual.." (Beach, 1942c, p. 174). 
Beach further refined his argument on the excitatory value of 
stimulus objects by using previous work which found that while copulation 
could only be observed in males paired with receptive females some males 
would mount nonreceptive females, other males, and in one instance an 
immobile receptive female (Beach, 1942a). Data was presented based on the 
work of Ball (1937) where males were paired with females displaying 
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different "receptivity" scores were able to differentially elicit copulation. 
Beach reasoned that if the individual 'excitability' of a male and the 
differences in 'excitatory' value of the incentive stimulus were represented as 
a discrete scale the degree of sexual arousal could be defined as a product of 
these two discrete variables. Beach defined the copulatory thres~pld as the 
number 5 and using this arbitrary number suggested that if a ma;1e with an 
internal excitability value of 2 was paired with a stimulus incentive of the 
value 3 copulation would occur. If however a male with a value of 2 was 
paired with a stimulus incentive of 1 copulation would not occur. By means 
of this graphical device (Beach, 1942c, p. 176) it could be shown "that the 
occurrence of mating reactions depends jointly upon the excitability of the 
male and the excitatory qualities of the stimulus object." (Beach, 1942c, p. 
176). 
Beach used data from his study of sexually inexperienced males 
(Beach, 1942a) as well as other data to argue that increases in 'excitability' 
could occur in sexually inexperienced and experienced males as a result of 
contact with a receptive female. Beach argued that his finding that males 
would mount other stimulus incentives following copulation and that a 
single sexually experienced male which displayed "substitute" activity i.e. 
digging and biting the cage sides when exposed to a receptive female, showed 
that these males had an increase in sexual excitability. For those males 
posited to have a decrease in excitability Beach used data from his study on 
multisensory regulation of sexual behaviour which he argued showed that 
when males were paired with stimulus incentives prior to a receptive female 
they were less likely to mount. He also argued that rearing in social isolation 
led to a reduction in sexual excitability. 
Beach prefaced his analysis of multisensory stimulation with the same 
quote by Lashley (1938) that he used in his work on multisensory regulation 
of sexual behaviour. Namely that the sexual behaviour was chiefly 
determined by the pattern of the stimulus with the locus of incidence upon 
the sense modality secondary. In his section on multisensory stimulation 
Beach described those aspects of the internal state of the male as well as the 
stimulus qualities of the incentive and the effect of sensory inputs. Beach 
again repeated his contention that while various types of stimulation 
contribute to the arousal of sexual excitability no single sensory cue is 
essential to mating. As a justification for this statement Beach quoted the 
work of others which found that sexually experienced males copulated in the 
absence of any one sensory input: olfaction, vision, audition, tactile sensation 
from the snout and lips and ventral portions of the body and scrotum (Stone, 
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1922; Stone, 1923). Beach did however refer ro his study of multisensory 
regulation and noted: "that interference with any one of these sensory 
modalities, although it may not obviate copulation, does reduce the ease 
with which sexual arousal occurs." (Beach, 1942c, p. 179, italics added). He 
also added that elimination of two types of receptors might so g~~atly reduce 
excitability that mating reactions are abolished again quoting hm'~ork on 
multisensory regulation on male sexual behaviour. In this section Beach also 
returned to the notion of the pattern of stimulus qualities of the incentive 
animal. "for the inexperienced male the receptive female represents a 
constellation of sexually exciting qualities which are apparently perceived as 
a definite pattern." (Beach, 1942c, p. 179). These qualities were gustatory, 
locomotory, olfactory and possibly tactile. The value of the incentive could be 
altered by "Surgical removal of any one type of sensory receptor in the male 
(and consequent elimination of one sensory quality of the incentive) 
decreases -the excitatory value of the stimulus animal." (Beach, 1942c, p. 179). 
Beach did however note that the "reduction in excitatory value does not 
necessarily preclude the occurrence of mating, for sensations remaining may 
be sufficient to arouse the male to the point of coition" (Beach, 1942c, p. 179). 
Perhaps the most interesting aspect of this section was the introduction of 
the substrate of male arousal which Beach argued was genotypically based 
"an individual in which the inherited level of excitability is high, copulatory 
responses may appear despite qualitative and quantitative reduction of 
peripheral stimulation ........ a male which is relatively unexcitable before 
surgical intervention, the elimination of a single type of sensory cue may 
reduce potential so that mating does not occur." (Beach, 1942c, p. 179). At this 
stage of his argument Beach had very firmly tied an inherited characteristic 
to the notion of a base level of arousal. This observation coupled with his 
earlier comment on the effect of social isolation on males was capable of 
accounting for his previously observed results that some males subject to a 
single sensory loss did not copulate while some did. 
Beach then moved on to elucidate the underlying principles of the 
CEM while again stating his hypothesis "It appears that in male mammals 
and possibly in even lower vertebrates the arousal of sexual excitement is not 
dependent upon the activation of any single type of sensory receptor. On the 
contrary, sexual arousal seems to occur most readily as a result of 
multisensory stimulation." (Beach, 1942c, p. 183). Based on his own 
observations and those of Lashley (1938) and Brooks (1937) Beach suggested 
that as multisensory control of behaviour appeared to be the locus of control 
that Sherrington's central excitatory state be adopted (Creed, Denny-Brown, 
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Eccles, Liddell ar:d Sherrington, 1932). This involved the assumption that 
"successive combination occurred "as the result of stimulation of a single 
receptor system by one sensory quality of the sexually exciting stimulus 
object, and that this process leads to an increase and spread of the central 
excitation" (Beach, 1942c, p. 184). To this first principle Beach adc,;!ed a second 
~ 
one "The second principle of nervous activity _which we belie~.{o be 
' involved in the creation and increase of the central excitatory state is that of 
"spatial summation." (p. 184). It was these two principles which held the 
notion of repeated stimulation leading to a cumulative level of arousal based 
on an inherited level of cortical activity which could then be discharged by 
copulatory activity that led to the formulation of the CEM. 
"The CEM responds maximally to excitation arising from a particular 
pattern of multisensory stimulation, involving certain sensory qualities of 
the receptive female. To the extent that the external stimuli deviate from 
this optimal pattern, or the extent that parts of the pattern are eliminated by 
surgical interference with peripheral receptors, the excitation of the CEM is 
correspondingly limited, if however, a high state activity is centrally 
maintained within the CEM, peripheral stimulation falling short of the 
qualitative and quantitative optimum may suffice to increase excitation to 
threshold levels." (Beach, 1942c, p. 186). Individual differences in sexual 
excitability based on either rearing or inherited characteristics were correlated 
with "variations in the extent or intensity of the central tonus maintained 
with the CEM." (Beach, 1942c, p. 185). In addition, long term changes to this 
base level could be caused by learning i.e. sexual experience which also took 
into account the stimulus characteristics of the experimental environment. 
The CEM was proposed to have different inputs from the various receptors 
which acted on the central state so that when central excitation reached a 
threshold value the motor pattern of copulation was activated. Once this 
threshold value was reached, and mounting activity begun, additional 
sensory impulses deriving from physical contact (mounting, clasping, 
palpation, intromission with penis stimulation) further reinforced central 
excitation leading to ejaculation. 
Thus, Beach had outlined a model of which provided summation of 
peripheral stimulus inputs which posited that by some means these 
cumulative inputs raised a base level of arousal to a state whereby the motor 
pattern of copulation was begun culminating in ejaculation. Fairly obviously 
at this stage the proposed site of this mechanism was in the neocortex. 
This theoretical paper also made an explicit and important distinction 
not apparent in the empirical papers (Beach, 1942a; Beach and Jaynes, 1956). 
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"In stressing multisensory function there is no attempt to deny the obvious 
fact that certain types of sensation are more important than others in the 
creation of sexual excitement" (Beach, 1942c, p. 185). This was certainly an 
interesting comment from someone who had previously stated that no one 
single sensory system was necessary for the appearance of copu~tion. The 
difference in importance of sensory inputs was made explicit i~e model 
which took into account that different receptors might contribute unequally 
to sexual arousal. Within this model receptors representing different inputs 
were proposed to overlap. Thus, in Beach's model he designated one receptor 
(number 7) which represented deep proprioceptive information from the 
lumbosacral region. Other receptors (receptor 5 and receptor 6) exerted 
influence in the CEM contiguous to or mutual with the sphere of receptor 7. 
Simply, some receptors overlapped and the size of overlap determined the 
influence they had on other inputs. Beach suggested that some or all of these 
receptors also contributed to the arousal of the pattern of copulation. 
10.6.1 Experimental findings 
The above description of Beach's 1942 formulation of the CEM is in 
part an extension of the multisensory hypothesis and is certainly more 
interesting as a mechanism for interpreting the results of this study. In this 
work Beach discussed the value of the incentive object for male copulation 
and stated "initial mating reactions of the male of any species cannot be 
defined solely in terms of the incentive animal, but is determined jointly by 
these sensory qualities and the sexual excitability of the individual male 
under consideration." (Beach, 1942c, p. 174). He also added "Surgical removal 
of any one type of sensory receptor in the male (and consequent elimination 
of one sensory quality of the incentive) decreases the excitatory value of the 
stimulus animal." (Beach, 1942c, p. 179). Thus, Beach had again very firmly 
ruled out the possibility that the female could be anything but a component 
in male copulation. This formulation is similar to that proposed in the 
multisensory hypotheses in that it was the reduction of sensory input that 
degraded the stimulus value of the female. Beach also said "for the 
inexperienced male the receptive female represents a constellation of 
sexually exciting qualities which are apparently perceived as a definite 
pattern." (Beach, 1942c, p. 179) this statement did not however mean that the 
female incentive was to be considered an active part of the copulatory act but 
was a reference to the ideas of Lashley (1938). Quite what Beach meant when 
he said "reduction in excitatory value does not necessarily preclude the 
occurrence of mating, for sensations remaining may be sufficient to arouse 
the male to the point of coition" (Beach, 1942c, p. 179) is not particularly clear 
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but may be a reference to his findings that inexperienced and experienced 
males did mount nonreceptive females without actually beginning the 
pattern of mounts and intromissions leading to ejaculation. Beach also 
introduced the idea of a genotypic basis for male sexual behaviour which 
introduced the idea that males high in inherited arousability wgpld copulate 
in the absence of a sensory modality and that males low in inh~ted 
excitability would not copulate. As has been discussed previously this notion 
is somewhat tautologous as rearing and inherited characteristics can effect 
the expression of male copulatory behaviour. 
The main weakness of the model does however show itself within 
some of the last definitions of the CEM made by Beach: ''The CEM responds 
maximally to excitation arising from a particular pattern of multisensory 
stimulation, involving certain sensory qualities of the receptive female. To 
the extent that the external stimuli deviate from this optimal pattern, or the 
extent that parts of the pattern are eliminated by surgical interference with 
peripheral receptors, the excitation of the CEM is correspondingly limited" 
(Beach, 1942c, p. 186). Again it can be seen that for Beach the external stimuli 
were not defined in any quantitative manner but were a gestalt object that 
existed as a conglomeration of discrete events that were responded to on the 
basis of available sensory inputs. The observed results of this study whereby 
removal of a single sensory input does interfere with the expression of 
sexual behaviour can be accommodated within the framework of the CEM. 
In addition, the copulation of sexually experienced anaptic males copulating 
with presenting females can also be explained by "variations in the extent or 
intensity of the central tonus maintained with the CEM." (Beach, 1942c, p. 
185). What the CEM is unable to accommodate however are the findings of 
Experiment 5 which found that sexually inexperienced anaptic did not 
copulate with females displaying certain levels of behaviour but did so when 
paired with females displaying darting behaviour. It is possible that the CEM 
with its multiple sensory inputs could accommodate this finding by 
suggesting that visual or auditory cues from darting females add to the 
central arousal level but this would not comply with Beach's contention that 
no one sensory input was necessary for copulation. Within the CEM is the 
idea that some inputs may have a greater excitatory input than others. Input 
7 is larger as it represents somatosensory inputs from the lumbrosacral 
region which "unquestionably contribute heavily to the elicitation of 
lordosis" (Beach, 1942c, p. 189). It is possible that by extending this idea the 
perioral tactile area could be assigned an input size comparable to that of 
receptor 7 which would then comply with the spirit of Beach's s tatement the 
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"ln stressing multisensory function there is no intent to deny the obvious 
fact that certain types of sensation are more important than others in the 
creation of sexual excitement" (Beach, 1942c, p. 185). 
10.7 Dual process theory 
The Central Excitatory Mechanism was later incorporated into Beach's 
dual process theory of male sexual behaviour which suggested that there are 
two partially independent neurophysiological mechanisms in male rat 
sexual behaviour, an arousal mechanism (dependent on sensory stimuli) 
which mediates the increase of sexual excitement leading to copulation, and 
a copulatory-ejaculatory mechanism (dependent on hormonal levels) which 
mediates the sexual act culminating in ejaculation (Beach, 1956). This work 
was based in part on a study published the same year by Beach (Beach and 
Jordan, 1956) which examined sexual exhaustion and recovery in the male 
rat. Beach and Jordan (1956) conducted tests of sexual satiation with males 
and found that intromission frequency (IF) decreased as trials increased 
while ejaculation latency (EL) was longest in the first series and PEI 
increased over trials. It is worth remembering that in the same year Beach 
published his work on maternal retrieving (Beach and Jaynes, 1956) which in 
a small way highlights the prodigious breadth of Beach's output over the 
years. Surprisingly, this theory which has dominated work on male sexual 
behaviour is relatively simple to interpret in comparison to his work on 
multisensory regulation of male sexual behaviour and the central excitatory 
mechanism. Beach suggested "If mating responses are to occur, it is essential 
that the male become sufficiently aroused to make contact with the female 
and to achieve intromission. Occurrence of this initial part of the total 
pattern will be provisionally referred to the mediation of a hypothetical 
sexual arousal mechanism (SAM). The main function of the SAM is to 
increase the male's sexual excitement to such a pitch that the copulatory 
threshold is attained." (Beach, 1956). The SAM was "most clearly reflected in 
the response of sexually inexperienced rats to the receptive female." (Beach, 
1956, p.20). According to Beach the male usually investigated the female by 
anogenital sniffing who then responded by moving away in "pseudo-retreat" 
culminating in adoption of a lordotic stance. Once this had occurred the male 
would mount and palpate the female and begin the intromissive pattern 
leading to ejaculation. Beach noted that some males mounted females 
within a few seconds while some took minutes before mounting and also 
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noted that males which did not mount within the first five or ten minutes of 
a test were unlikely to begin the copulatory pattern even though left with a 
female for some hours. Beach reasoned that this was because "A very 
.-.... important characteristic of the SAM is its susceptibility to habituation. The 
process of sexual arousal tends to decay unless the copulatory tm,eshold is 
attained within a fairly short time." (Beach, 1956, p. 22). Beach stftgested that 
' it appeared as if two opposing processes were occurring simultaneously. On 
the one hand the male was responding positively to the stimuli of the 
female and on the other hand somehow the male was habituating to the 
"visual, olfactory and tactile cues provided by the female" (Beach, 1956, p. 22). 
Thus, in this first component of the dual process theory the male requires 
sensory input from the female in order to achieve a threshold of excitation 
which leads to the elicitation of the first mount. It is the length of this 
exploratory period, from the introduction of the female until the first period 
which determines the mount latency (ML). 
Once the first mount has been achieved either further mounts or an 
intromission will occur. It is at this point that the normal pattern of 
intromissions and mounts leading to ejaculation begin. This component of 
the copulatory sequence Beach described as the "intromission and ejaculatory 
mechanism CIEM)." (Beach, 1956, p. 20). Once the intromissive pattern had 
begun behaviour was under control of the IEM until ejaculation occurred. 
Following ejaculation the post-ejaculatory interval (PEI) occurred and when 
this time had elapsed the SAM was again reactivated and mating was 
resumed. Using data from the study conducted with Jordan (Beach and 
Jordan, 1956) Beach noted that as more copulatory sequences occurred the PEI 
became progressively longer which might well be the result of a decreasing 
responsiveness in the SAM. One main difference between the SAM and the 
IEM was that while the SAM was of a relatively short lived duration the IEM 
was relatively long lived and was maintained by the intromissive pattern. 
The SAM determined the IL, after which the ejaculatory series was 
controlled by the CM. Following each ejaculation, a loss of sexual 
responsiveness occurred and the AM was required to reactivate the IEM 
before the first intromission of the next series could begin. Each ejaculatory 
series had a cumulative inhibitory effect on the SAM which resulted in an 
increasing PEI following the ejaculation. Exhaustion occurred when the 
SAM could no longer be aroused to stimulate the IEM. 
The dual process theory has been reformulated and tested over the 
years (e.g. Beach and Whalen, 1959a, Beach and Whalen, 1959b, McGill, 1965, 
Cherney and Bermant, 1970, Brown, Freeman and McFarland, 1974) but 
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within the context of this study the truly fascinating area of male copulation 
and the mechanisms governing its expression cannot be adequately explored. 
The area of interest to this study is the role of perioral tactile sensation 
and its effect on the SAM during that first period of increase of arousal 
culminating in the first mount or intromission by the male of ~receptive 
female . The results of Experiment 4 would indicate that for m~· paired 
with lordotic females an insufficiency of arousal within the SAM led to the 
observed decrease in initiation and ejaculation. For males paired with 
darting females there was an increased level of arousal leading to the higher 
rate of initiation as measured by mount and intromission latency. The 
results of Experiment 4 would also indicate that once the SAM had been 
activated the observation that there were no differences in the patterning of 
intromissions would indicate that the IEM was not affected by the females 
proceptive behaviour. When Experiment 5 is considered the proceptive 
behaviour emitted by darting females was such that the SAM was activated 
and the intromissive pattern was initiated and maintained by anaptic males. 
10.8 Conclusion 
This study has concerned itself with one perspective of male 
copulation, namely that of multisensory regulation of behaviour. 
Specifically, it has concentrated on a single sensory avenue, namely that of 
vibrissa! information. It has found that its removal can have a profoundly 
deleterious effect on the appetitive and consummatory components of male 
sexual behaviour. The effect of loss of perioral sensation can be overcome 
not by hor~onal, chemical or cortical alteration but by the simple 
manipulation of the stimulus. In addition, previous associative learning can 
overcome the effects of loss of perioral tactile sensation. 
The work has placed itself within the theoretical structures concerned 
with the sensory regulation of male copulation. A number of analyses of 
these works and their methodological and conceptual constructs was 
presented. The results of this study allied with that of other workers has 
demonstrated that the appetitive and consummatory components of male 
sexual behaviour in rat may not be dependent on multisensory inputs but 
that in certain aspects may be under unisensory control. 
While analysis has not entered into the fields of learning, hormonal 
and cortical control of sexual and other behaviours it does acknowledge the 
enormous range of work done which covers many thousands of 
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experimental reports. Certainly, it would appear that reduction of activity in 
trigeminal afferents to the superior colliculus and reticular formation 
provide anatomical bases for difficulty with orientation and decreased 
arousal. The medial preoptic area is involved in consummatory aspects of 
sexual behaviour but tends not to alter appetitive sexual responaes. There are 
! 
also functional and anatomical links between the trigeminal somatosensory 
' 
and nigrostriatal dopamine systems and it is possible that lethargy 
consequent to perioral desensitisation is related to a time-limited deficiency 
in dopaminergic activation, and therefore alterations in sensorimotor 
responsiveness. These dopamine-dependent mechanisms primarily affect 
appetitive sexual responses but tend not to alter copulatory behaviour itself. 
The acquisition of copulatory patterns may well be based on a short interval 
classical to operant transition and the rapid acquisition and long-term 
retention of this behaviour in hormonally and cortically deprived males is 
indicative -of its strength. 
However, current emphasis on the anatomy and chemical function of 
neuronal systems may have associated with it some expense ~n loss of 
understanding the exquisitely complex subcomponents of behaviour which 
make up the sexual dyad. All these parts are somehow hierarchically 
integrated in a transformation of simple reflexes into observable operant acts. 
An increase in future work on the various infrastructure of complex 
behaviours in combination with reductionist chemical, hormonal, surgical 
and neuronal analyses will only serve to enhance our knowledge of the 
mechanisms leading to initiation and maintenance of copulation. 
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